DOCUMENT RESUME 



ED 060 893 



LI 003 561 



TITLE 



INSTITUTION 

PUB DATE 
NOTE 



Hearings Before the General Subcommittee on 
Education. ,, Ninety— First Congress, First Session on 
IT. R. 8809. ..April 29 and 30, 1969. National Science 

Research Data Processing and Information Retrieval 
System. [Complete Text of the Hearings]. 

Congress of the U.S., Washington, D.C. House 
Committee on Education and Labor. 

69 

40 8p. ; (1400 References) 



EDRS PRICE 



MF— $0.65 HC— $ 16.45 



DESCRIPTORS Documentat ion ; Federal Legislations ^Information 

Processing; ^Information Retrieval; ^Information 
Systems; ^National Programs; ^Scientific Research 
IDENTIFIERS ^Scientific and Technical Information 



ABSTRACT 



Reported are the hearings held on April 29 and 30, 
1969 before the General Subcommittee on Education of the U.S, House 
of Representatives on H.R. 8809, a bill to amend Title IX of the 
National Defense Education Act of 1958 to provide for the 
establishment of a national information retrieval system for 
scientific and technical information. The purpose of the act is to 
implement a nationwide storage and retrieval system for scientific 
research data, using as many existing facilities as possible in order 
to avoid duplication and to assure quick access to and a constant 
inventory of, all science research data. [Testimonies by Dr. John 
Rothman and Mr. Robert November appeared earlier as ED 051 861]. 



(3J) 



O 



to 060893 



V- 



NATIONAL SCIENCE RESEARCH DATA PROCESSING 
AND INFORMATION RETRIEVAL SVSTEM 




HEARINGS 

BEFORE the 

GENERAL SUBCOMMITTEE ON EDUCATION 

02 P THE 

COMMITTEE ON EDUCATION AND LABOR 
HOUSE OF REPRESENTATIVES 

NINETY-FIRST CONGRESS 

FIRST SESSION 
ON 



H.R. 8809 



“ 0F NATIONAL DEFENSE 
EDUCATION ACT OF 1958 TO PROVIDE FOR BSTABLISTT- 
MENT OF A NATIONAL SCIENCE RESEARCH DATA PROC- 
ESSING AND INFORMATION RETRIEVAL SYSTEM 



HEARINGS HELD IN WASHINGTON. D.C. 
APRIL 29' AND SO, I960' 



Printed for tie use of the Committee on Education and Labor 
Cam. d. PjaueiNs, Chairman 





■ wr I. I M 

education.^ welfare 
office of education 

THIS DOCUMENT HAS BUN REP 
DUCID EXACTLY AS RECEIVED FR 

the person or organization OP 

INATtNG IT POINTS OF VIEW OR OP 
IONS STATED DO NOT NECESSAR 
REPRESENT OFFICIAL OFFICE OF Et 
CATION POSITION OR POLICY 



O 

31-404 



U.S. GOVERNMENT PRINTING OFFICE 
WASHINGTON : 1869 .} 



h -3 



id > 

- ■ 



1 



7 



i s ’ 

A 

*1 



COMMITTEE ON EDUCATION AND DAE O H 

CARL D. PERKINS, Kentucky, Chairman 



BBITH GREEN, Oregon 
FRANK THOMPSON, Jr., New Jersey 
JOHN H* DENT, Pennsylvania 
ROMAN G. PUCINSKK Illinois 
DOMINICK V. DANIELS, New Jersey 
JOHN BRADEMAS, Indiana 
JAMES G, O'HARA, Midhigan 
HtJGH L. CAREY, New .York 
AUGUSTUS F. HAWKINS, California 
WILLIAM D, FORD, Michigan 
WILLIAM D. HATHAWAY, Alain© 
PATSY T. MINK, Hawaii 
JAMES It. S'CHEUER, New York 
LLOYD MEEDS, Washington. 

PHILLIP BURTON, California 
JOSEPH M. GAYDOS, Pennsylvania 
LOUIS STOKES, Ohio 
WILLIAM “BILL” CLAY, Missouri 
ADAM G, POWELL, New York 



WILLIAM H. AYRES, Ohio 
ALBERT R, QUIB, Minnesota 
JOHN M. ASHBROOITC, Ohio 
ALFHON ZO BELL, California 
OGDEN R. RETD, New York 
JOHN N, ERLKNBOEN, imnoia 
WILLIAM J. SCHERU 3 , Iowa 
JOHN 1L DELLENBACK, Oregon 
MARVIN L. BSCH, Michigan 
EDWIN D„ E8HLEMAN, Penn syi van in 
WILLIAM A, STEIGER, Wisconsin 
JAMBS M, COLLINS, Texas 
BABL F. LANDOEEBE, Indiana 
ORVAL HANSEN, Idaho 
EARL B fl RUTH, North Carolina 



HUGH L. CAREY, Now York 
WILLIAM D. FORD, Michigan. 
LLOYD MEEDS, Washington 
J AMES G- O'HARA, Midiigsa 
AUGUSTUS F. HAWKINS, California 
WILLIAM B, HATHAWAY, Maine 
PATSY T, MINK, Hawaii 



General StmooMMirr^; on Education 
HOMAN a PUCINSKI, Illinois, Chairman 



ALPHONZO BELL, California 
JOHN M t AS HB ROOK, Ohio 
ALBERT II. QUID, Minnesota 
JOHN E. DBMNBACK, Oregon 
EDWIN D. E8HLBMAN, PeOEBylyanJa 
EARL B. RUTH, North Carolina 



O 

ERIC 



K_ 

f. 



goutints 

Hearings held in Washington. D C 4 Fsga 

April 29, 1969 _ 

April 30, 2909 .... [fca , t 

Jaxt of tt.R. 8S09— .1- —— _ ^05 

Statement of* — * *■ — , ^ 

Rational Sei<^ic4* accom^ ^formation Service, 

deputy head, Office of Seianco ^ H ^ nr ^ J- pubester, 

cil, ll f h R r,K \^ 0,Juty emcrai counSl Sorvico; and Charles 

• executive dir^ctorSateom 0 ^^ Dd • 24 

378 

%**:*;: *“! p™ a i d ™i ' 150 

„8ti*«te' ^ r 'Teolmol ^ " d,reotor > Project MAC, MassachusottV In- 163 
presid ®^^ 228 

Rotltalf D?,’ John d 'S ; S’Si c | n * gtonti* Soo hty.ir ” — \f 
library and NewW TJmei ® 9 * 

accompanied b^EdwaVd^Aln^^^ 208 

3 nical Information AEG enK ant, director, Division of Tech- 

^ May? l, 1969 _ _ * letter to Chairman Fumnski, dated 



o 

ERIC 



(in) 



163 



IV 



Prepared statements, hitters, supplemental material, etc,— Continued i*age 

Lieklider, Dr., J* C, II.,, director. Project MAC, Massachusetts Instu 
tute of Technology! 

“A Computer-Program System To Facilitate the Study of Tech- 
nical Documents,” an articlccn titled— 264 

i( A Crux in Scientilio and Technical Communication,” an article 

entitled- - , 32S 

i( A Time-Sharing Debugging System for a Small Computer,” an 

article entitled- , . IM- 330 

An article from Science and Technology, 246 

■‘Eighteenth Conference on Science, Philosophy, and Religion in 
Their Relation to the Democratic Way of Life, 1968,” an article 

entitled. „ -*.«*«_«_ 296 

“Invited Papers L — The Perception Problem,” an article entitled! 343 

“Interactive Information Processing,” an article entitled, = = -. 259 

“Man-Computer Interaction in Information Systems,” an article 

entitled — - __ __ S65 

* “Man-Computer Symbiosis,” an article entitled, 11111111111111 320 

“Man-Machine Information Systems,” an article entitled 250 

“On-Line Man-Computer Communication,” an article entitled.- 280 
? Problems in Man-Computer Communications,” an article en- 
titled- - » . _ _ , . ^ . 358 

“The On-Line Intellectual Community,” an article entitled- 268 
Hyatt, DeWitt O., president, Science Communication, Ine., McLean, 

Va. # statement of . 192 

Fiore, Dr, E. R., vice president and chief scientist. IBM Corp,, state- 
ment Of- ino 

-a — i t-v. ^.1 ■ _ - " * ■ “ “ ■ r 



Times: ' 

News release, dated March 26, 1069^ 208 

Statement of_ = , „ . „ _ ___ 206 

Sehill, A. C., vice president, International Systems Design, Ino., state- 



403 






J 



NATIONAL SCIENCE RESEARCH DATA PROCESSING 
AND INFORMATION RETRIEVAL SYSTEM 



TUBS DAY, APEIL 29, 1969 

House of Representatives, 

General Subcommittee on Education 
of the Committee on Education and Labor, 

Washington , D t Q> 

rtnJ? ie J u * D ? omni ^ ee me !L a * 10:08 a.m.j pursuant to notice, in room 
Rayburn House Office Building, Hon. Roman C. Pucinski 
(chairman of the subcommittee) presiding. 

Present: Representatives Pucinski, Beit, and Bellenbaek, 
fetaff members present: Allan Kiron, technical adviser; John F. 
J enmngs, subcommittee counsel, Alexandra Kisla, clerk: and Charles 
W.Kaaclme, minority counsel for education. 

( The text of H*R. 8809 follows :) 

[H.Ri 8809, Diet Cong,, first geBi.] 

A SlJhT iSmeWt ^ a a* 1 ? Defence Education Act of 19SS to provide for 

SyBtem m t £ A Natlo ^ Rl Science Research Data Processing and Information Retrieval 

Be it enacted by the Senate and Mouse of Representatives of the United States 
of America m Congress assembled , That (a) the first sentence of section 901 of 
15® 3 Rational Defense Education Act of 1968 is amended by striking out “a Soi= 
ence Information Service and Inserting in lieu thereof the following : “ A Na- 
tional Science Research Data Proecessing and Information Betrievai System. 

in order to avoid unnecessary and costly duplication In scientific research 
and to assure quick access to, and a constant inventory of, all science research 
5?F h £ nat * ouwi de system shall include close voluntary cooperation with, 

* f qn of ' on a contract basis wherever practicable, all existing science 
research data processing and information retrieval facilities in the United States 

Government agencies, private and public univer- 
sinnni . laboratories and libraries, abstracting societies, profes- 

^ Galing wlth scientific disciplines and any other ffi- 

ci V«™, s dealing with dissemination of scientific research information. 

„ . ,f e PW**PpBe of this Act is to implement, not substitute, existing information 
retrieval facilities. Therefore, it is specifically prohibited under this Act for the 

an ^ Government-owned or operated science re- 
search data processing or information retrieval facility where such a facilttv 
exis * H under either private or public ownership. The National System 
shall use every voluntary means to arrange for an orderly cataloging digesting 
th ? a »d of electronic devices, if necessary, of all scientific 
research data produced in the United States or available in the United States 
from other nations and through the national science research data processing and 
retrieval system, make such information readily available to any 
flrmrnnHni r Searcher, ^either privately, publicly, or self-employed, through an 
appropriate communications network. The, national system shall arrange for apl 
Payment for all science data provided into the nationhl system 

( 1 ) 
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(b) The center heading of section 901 of such Act is amended to read as 
shall (X) provide, or arrange for the provision of/’ and inserting in lieu thereof 
the following; “gy&tem, shall (1) provide”. 

Sec, 2. The first Sentence of section 902(b) of the National Defense Educa- 
tion Act of 1958 is amended by striking out “Science Information Service” and 
inserting in lieu thereof the following ; '‘National Science Research Data Process- 
ing and Information Retrieval System.” 

Seo. 3. (a) The heading of title IX of the National Defense Education Act of 
19oS is amended to read as follows : 



“TITLE IX— NATIONAL SCIENCE RESEARCH DATA PROCESSING AND 
INFORMATION RETRIEVAL SYSTEM” 



(b) The center heading of section 901 of such Act is amended to read as 
follows : 



“FUNCTIONS OF TfiE SYSTEM” 



(c) The table of contents of such Act is amended by striking out 
“Title IX— Science information Service 
“See. 601, Functions of the service.” 
and inserting in lieu thereof the following ,* 

“Title ix — ^National Science Research Data Processing and Information retrieval 

System 

“Sec, 901, Functions of the system.” 

Air. PtJGixsKL The meeting will come to order. 

I am very happy to see my colleague this morning. We hope as we 
move along other members of the committee will join us, I think we 
have six committees going this morning on various subjects, and mem- 
bers may come and go as they try to spend some time with each of the 
committees, 

I am very pleased that we can resume hearings on HJB. 8809. 

Six years ago we began hearings calling for the establishment of a 
national scientific and technical information system. 

In the course' of those hearings* witness after witness, representing 
most of the scientific disciplines, presented eloquent and convincing* 
testimony describing the impenetrable paper curtain of scientific an3 
technical information that literally blocks our scientists from effective 
access to the very information they need. 

Many of you here this morning are familiar with the testimony con- 
tained .in those earlier hearings. Our subcommittee learned, not only of 
the overwhelming advances in scientific and technical information, 
but the staggering task of tracing specific information that charac- 
terizes any serious scientific work today. 

The conclusion of our witnesses was tliat our most efficient retrieval 
systems were incapable of handling the torrential flood of information 
Jtimmrating bibliographies of bibliographies, ad infinitum, contrib- 
uted to the problem. It aid not solve it, 

As a result, scientists' and researchers tied up countless hours, days, 
weeks 5 _ and months of their valuable time searching for material 
related to their fields. All too often vast sums of private and public 
funds were poured into developing or perfecting processes which 
had been discovered: years, even decades, earlier. ... V 

This deplorable waste of time, talent, and money cannot be justified 
.any longer. The duplication, however unknowing, taking place in 
laboratories across this Nation is not only grossly inefficient: it is too 
expensive m human terms. 
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We need our scientists, researchers, and technical people free to 
operate in pursuit of ideas or projects that interest them. 

, ^ mi ff,t !,C ^ at this point, this whole idea for retrieval systems 

sUirted^sevoral y«u-s ago when we had a bitter debate on the floor 
ol the House. At that tune there were those who argued that there is 
too much waste and duplication m our scientific efl'orts in this country 
and that we ought to impose limitations on the amount of money that 
is made available for research, J 

I am not capable of sitting in judgment on a scientist’s effort I be- 
heye we ought to make available to the scientists of this country an 
mformation retrieval system so that they may have access to whatever 
information they need. The scientists would themselves impose the 
discipline that is necessary to avoid duplication. 

n iA Can 1 , , ° f a sc * entl |t who would knowingly duplicate somebody 
else s work. The purpose of H R. 8801) is to try to design a system which 
w ° l , l . ,C Tm?® av , to 8W®»<a8t» information as readily as possible 

■ 1 be bill we have under discussion today, IT.R. 8809, is designed to 

serve as a coordinating mechanism— not to confine every scrap of 
scientific information under a single roof— but to seek the infonna- 
lion, correlate it with similar or related information, and, tlmnich a 
network of electronic equipment, make that information instantly 
available to ovory working scientist in the country. , 

I ms bill does not seek to supplant existing retrieval systems— 
merely to augment their capability on a nationwide basis ' 

J eavs M° the witnesses testifying on this subject repeatedly 

fn fnvrno +i to -develop and operate such a national 
infonnation system. The hardware and the electronics are easily 
within tlie range of our greatly increased skills. y 

Admittedly, this system will cost money— a lot of money. This is 
no sport for the meek to implement. Yet the millions of dollars that 
have a ready been expended, and are being expended at this very 

mSonMionabl6°^ 6SS U ^ IC:d ' on techniques already developed ia 

. fcha s / 100 fy s of the past hearings on this subject can be measured 
nlLnfffi xtonsivo dlsc ussio»s, interest, and support expressed by the 
^mentific community, f;hen indeed the efforts of this committee have 
been rewarded beyond my expectations. 

I wp also gratified to see the emergence of a large group of -studies 
dealing with the concept of a national scientific and rooh- 
mcal information system, including the Baker Report of 1958, the 
Crawford M Force Study in 1962, the Weinberg Panel in 1963 
tlie System Development Corporation Study in 1965, and the Science 
Communications Report in 1968. Not to mention the many, many task 
House level' 110 S ^ udyin £ problem and that have been at the White 

sit2^&“n^ r brf T ! n i fche ^ ist -° ry of ^ Kation been so much 
so ffa^y, people 1K i 1Ch dy P ointm S toward so great a promise for 

As Hr. Jerome Wiesner said recently : . 

whh'its promise of a Ujllllontold increase In man's capacity to 
any contemporary tertniciUdhvelopment^ 6 “°* consequences of 
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And yet we do not have a national information system. While we 
wait, we are flooded with scientific and technical information at the 
rate of 05,000 words per minute. 

Since our hearings 6 years ago, this rate of increase spawned a total 
200 billion words — the equivalent of 25,000 encyclopedia volumes. 

It would take the average scientist, reading 24 hours a day, 400 years 
just to cover the material added during the last 6 years, 

I hope today to learn how much progress we have made in the direc- 
tion of a national information system and what further steps must be 
taken to insure, that this great Nation will reap the incalculable benefits 
of scientific and technical information. 

And I might add that one of the things that have developed since 
we began hearings on this suggestion has been the meeting in Geneva 
3 years ago, I believe, of some 2,300 scientists from all over the world. 
The meeting attracted scientists from the newly emerging nations of 
the world, as well as the small nations. They adopted a resolution 
pleading and urging the development of an information retrieval and 
dissemination system through which they could participate more read- 
ily in scientific development. In my judgment the development of a 
national information retrieval system could become a keystone of 
American foreign policy. 

We can capture tne imagination of scholars around the whole world 
if we can make available to them the information that has been 
generated in this country in scientific pursuits. I think this is the way 
to peace and this is the way to better understanding among nations. 

All of these things led us to resume the hearings on this subject. 

I am very happy to have our colleague here. 

Would you care to add anything to what I have said, Mr. Dellenback ? 

Mr, Dellenbaok. As you pointed out, I was unfortunately caught, 
like many of our Members, in a situation where there are three dif- 
ferent committees on which I am serving, I am due at all three of those 
hearings. 

But I particularly wanted to be here to hear Dr. Seaborg, whom 
I have both heard of and have had a chance to meet briefly, and I 
welcome very much this opportunity. 

I will both listen to you and read your testimony carefully, I think 
the problem is an important one for the world and for America, I 
am pleased to be in a position where I can have a chance to see if 
we can make some contribut ion to this legisla tion, 

Mr. PtTOlNSKl. Thank you very much. 

Our first witness this morning is Dr. Glenn T. Seaborg, Chairman 
of the Atomic Energy Commission, Nobel laureate, one of the foremost 
scientists of the world. Dr. Seaborg’s credentials are well known to the 
members of this committee and the American public. He has had 
experience with the problem of scientific and technical information re- 
trieval and our committee looks forward to hearing Dr. Seaborg'S 
j testimony on this subject. 

Doctor, I would like to welcome you. Certainly there are few Ameri- 
cans and few people in this world better qualified to discuss this sub- 
ject than yourself. This committee is privileged to have so distinguished 
a member of the scientific community resume hearings on this very, 
very difficult subject. 
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We have your statement here, Dr. Seaborg. You may proceed in 
any manner you wish. You can either read your statement or you may 

put it into the record in its entirety and discuss it. 

STATEMENT OP BE.. GLENN T. SEABORG, CHAIRMAN, ATOMIC 
ENERGY COMMISSION; ACCOMPANIED BY EDWARD BRUNEN- 
KANT, DIRECTOR, DIVISION OP TECHNICAL INFORMATION, 
ATOMIC ENERGY COMMISSION 

T-* ® E ^ BC,HG * Thank you, Chairman Pucinsld and Congressman 
Dellenback, 

I think perhaps, because it is a rather short statement, that I will 
read it and that would set the stage for any questions you might have. 

X am pleased to appear before this committee to present some views 
on the proposed legislation to establish a National Science Research 
I-iata and Information Retrieval System, I have no hesitation in agree- 
mg, Mr. Chairman j that the problem dealt with in this legislation is 
one of the major ones confronting modern society. Continued progress 
in science and technology requires effective communication of the 
nature and results of research. 

This subcommittee has received in prior sessions impressive testi- 
mony about the magnitude of the information explosion which lies 
at the root of the problem. 

Oniy recently I have had a personal experience which dramatized 
thi g phenomenon for me, I had occasion last year to publish in the An- 
nual Review of Nuclear Science a review of recent research on the 
properties and methods of production of the heaviest chemical ele- 
ments. In ^preparing this article, I asked our technical information 
people at Oak Ridge to compile a list of references to work conducted 
during the last 5 years on elements lying beyond plutonium in the 
periodic table of the elements. The resulting bibliography contained 
o79 entries, and in the article which ultimately appeared, I found it 
necessary to cite 332 references. , 

Let me at this noint introduce my colleague, Mr. Ed. Bi-unenkant, 
who is Director of our Division of Technical Information, under which 
the Oak Ridge group operates. . 

To continue, when one considers that this is a quite specialized area 
or science, the magnitude *of the information problem which confronts 
the average scientists and technologist comes into clear focus. 

The information problem of scientists is to know what other. scien- 
tists w are doing and have done and what results they have achieved. 
Having this information enables scientists to give the proper direction 
to their otto work. If they do not have it, they may duplicate each 
othera work orproeeed m ignorance of findings which might be 
helpful. ; ; 85 •'"■■■ rt *~- 

*■ Jt seems, quite apparent that a central element in any solution of the 
information problem is .the use of electronic computers for retrieving’ 
information needed by individuaf scientific workers. I would bautlon. 
however, _agamst considering that the establishment of a gigantic com- 
puterized system for identifying original literature within a given 
scientist’s field of interest would constitute a sufficient solution. I think 
I might best serve the subcommittee by pointing out some other mat- 
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ters •which need algo to be considered in arriving at a full solution of 
the problem. 

First, as I myself have found out, the original literature in most 
fields, even quite specialized ones, is now too large to be scanned by 
the individuals Vforking in it. It is not only too large, but it varies 
too much m quality and interest, Th us, while a computerized system 
xor retrieving original literature, including abstracts and indexes of 
the literature, must probably be a part of the ultimate solution, it is 
only a part* Various other devices must be added if science and the 
people working in it are to be adequately served. 

The technical information system which we have set up at AEG 
recognizes some of these other needs. For example, we publish review 
journals m which the work going on in certain subareas of nuclear 
technology is summarized, analyzed, and evaluated. Such critical re- 
views of the scientific literature are of great value in enabling scien- 
tists and technologists to keep generally informed about developments 
m their fields without incurring the huge expenditure of time which 
murht be necessary to comb the original literature. 

Second, I would like to emphaizo the number and variety of special 
fields that must be considered in establising a national retrieval sys- 
tem, TVAat the AEG sponsor the operation of over 25 specialized 
information and data centers at various institutions of learning, which 
provide data compilations and other publications bringing together 
new inf onnation in various subfields of science and technology for the 
{benefit of specialists in those fields. Through these centers a few 
highly qualified scientists are able to extract and organize the most 
pertinent findings from the ponderous mass of original literature and 
thereby to make it unnecessary for each interested individual to comb 
the hterature personally. 

Third, X would enter a plea that in seeking mechanized solutions 
to this massive information problem w© not lose sight of the human 
aspects of communication. Some of the most significant and stimulat- 
ing contacts among scientists have always come about in informal 
person-to-person communications, in exchanges of correspondence in 
conyersat.ions, at conferences, and the like. There is no time substitute 
for this type of interchange among professional colleagues and provi- 
sion must be mad© for retaining, it in information systems of the 
future. ; ; : ; = . 

Fourth, much of the information generated in scientific research 
must ultimately the made, available not only to scientists working in 
the particular fields,' but also to wider aiidiences which include teth- 
ers, students, scientists in related fields, managers, and informed 
citizens. r 'y ; - •• : 

Repackaging in more digertible form; than that in which the re- 
search was first reported is required for these audiences: Here we look 
to fqiyns siich as books, TV programs, films, film strips, articles in 
^ spemalized -periodicals, and the like. A , successfully performing 
rimuld, part of its .fuhetipn, be able to identify 
me subject nritter which requires siichrteatm^ht.V’ ! : s / : 

Fifth, andfcher jri alter that should lie considered in relation to the 
proposed l^g^^iop /is its influmice on, py r^trictlon of, other re- 




trioval systems. For example, since the Government is one of the prime 
producers of research and information, care should be taken to insure 
that the Government or a Government agency is not prohibited from 
developing and performing research if need he on scientific data 
processing and retrieval systems for its own benefit. Some non- Gov- 
ernment organizations also have, or are developing, very significant 
information retrieval systems with the help of some Government 
support. 

So it is also necessary to make sure that these systems continue to 
be aided individually as well as tied into any national system that 
may he developed. As one example of such a system I might point out 
the American Chemical Society’s Chemical Abstracts Service Chem- 
ical Compound Registry, This computer-based registry, begun in 
IQfiO, has # already registered more than 1 million chemical compounds 
and continues to add them at a rate of 4,000 to 5,000 per week. It 
already works closely with such Government organizations as the 
National Science Foundation, the National Library of Medicine, and 
the Food and Drug Administration, I mention these things not to 
downgrade the need ultimately for a national multidisoipliue re- 
trieval system, but to point out some of the complexities that might 
be involved in bringing such a system into operation. The task of 
coordinating existing systems will require much work and care. 

Sixth, in considering the planning and implementation of the na- 
tional system your legislation proposes, we must also carefully exam- 
ine tlie state of the art — both from an equipment and manpower 
standpoint, I have had many people point out to me the difficulties 
involved in setting up a comprehensive data system. Some have 
stressed the technical problems while others have insisted that the 
development of our hardware up to date far exceeds our human capa- 
bility to put it, to maximum use. We need a great many more trained 
people in this field. And apparently the shortage of such personnel may 
exist for some time. Therefore, I have been told, we must avoid mov- 
ing too quickly to avoid spreading our human talents and skills too 
thin. 

Seventh, examining a different aspect of the proposal, it should 
also be borne in mind that the scientific information problem cannot 
be solved on a purely national basis. The scientific community is 
international. The nuclear energy field provides a vivid example, "For 
over 20 years, the ABC lias been publishing a journal called Nuclear 
Science Abstracts which indexes and abstracts the current world lit- 
erature related to nuclear science and its applications. In the early 
years, the preponderance of entries in this journal understandably 
referenced work done in the United States, where nuclear energy as 
a practi cal phenomenon had t its birth . Over the years, however* an 
increasing percentage of the items have originated in other countries 
and in 1968 the foreign entries were over 55 percent of the total. 

In recognition of the International character of nuclear science, the 
United States is joining with other Gentries In developing, under the 
aegis of the International Atomic Energy Agency (IAEA) in Vienna, 
an International Nuclear Information System, the acronym for which 
is INIS. The Agency’s Board of Governors has given format approval 
to INIS and we expect it to be partly, operational in 1971 and fully 
operational in 1975, 
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Under this system each nation will survey its own national scientific 
literature, identify items which fall within the subject scope of the 
system ? and supply bibliographic descriptions, abstracts and subject 
indexing terms to the IAEA. The IAEA will merge the data received 
and make available on magnetic computer tape copies of a complete 
file which each member state will be able to rise in supplying nuclear 
information services. The IAEA will also supply a periodical cate- 
gorized listing of all items reported to the system and, on request, 
m icron egati ve copies of all report literature and abstracts. 

The international nature of science also calls attention to the impor- 
tance of translations in any effective information system. 

There is an ever present danger in dealing with broad problems of 
this kind that they may be segmented and dealt with in piecemeal 
fashion. 

The pending legislation concerns itself with the large data process- 
ing and information retrieval facilities which may be central to the 
information services of the future. But they are not the only institu- 
tions involved. I note, for example, that this committe also has before 
it proposed legislation relating to a National Commission on Libraries- 
(H.R. 908, 4150, 8806, and 8614.) Libraries are indeed an integral part 
of the institutional framework involved in the information problem. 
In conclusion, Mr, Chairman, I would like to state my opinion that 
the pending bill is on sound ground in calling for cooperative efforts 
on the part of existing information facilities rather than for a more 
centralized system. In the present developmental phase of computer- 
ized information systems, this pluralistic approach is the one most 
likely to produce the experimental breakthroughs on which future 
progress will depend- 

In this connection, we should note that considerable cooperative 
efforts among information systems are now taking place. The AEG and 
other science agencies of Government, for example, have for several 
years been coordinating their information activities through a com- 
mittee of the Federal Council on Science and Technology. Important 
steps have been initiated through this Committee on Scientific and 
Technical Information (COS ATI) in the development of new sys- 
tematic approaches and* standards for information work. Individually 
ond through COS ATI Government agencies have also achieved a large 
degree of cooperation and coordination with non-Govemment infor- 
mation systems, such as those of the American Chemical Society and 
the American Institute of Physios. 

We would trust that any new institutionalized framework will per- 
mit this type of voluntary cooperation to continue, 

Mr. PucmsEi. Thank you very much. Dr, Seaborg, 

Would yoii care to add somethingfo that, sir? 

Mr, BnuHnNK akt , I believe not, Mr. Chairman, 

Mr. PtTotNSki. Dr. Seaborg, I am very pleased that you have 
fortified a good deal of the thinking of this committee. Certainly 
your testimony drama tiies the magnitude of the problem that we 
are dealing with. There is no easy solution, 

• As President Kennedy said many times, - 6 A journey of a thousand 
miles requires a first step.” ■ v - s * ■ ■ ; 

It does seem to me that we ought to start moving in some positive 
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direction toward implementing the many things that you have men- 
tioned in your testimony. 

For example, you quite properly point out that we can’t rely solely 
on computer technology; we have to have the human factor. No 
computer generates its own knowledge. A computer assembles the 
knowledge that is put into it by human beings. 

You also mentioned the abstracting societies. X have maintained 
that one of the secret strengths of America is that we have this excellent 
network of abstracting societies. I think the Soviet Union would give 
its scientific eyeteeth to have the sort of network that could do the 
kind of work that our abstracting societies are doing. 

Our bill envisions a contractual agreement with these abstracting 
societies and certainly it would be foolish for anyone to suggest that 
w© ought either to supplant them or compete with them, 

We would anticipate the use of these abstracting societies on a 
contractual basis, tied into the national information system. 

You referred to the international aspect of information retrieval, 
I have already mentioned that. I was very happy to see the American 
Chemical Society Chemical Abstract Service has just recently entered 
into an agreement with its British counterpart and there will be an 
international exchange between the two countries, 

I am very pleased with your testimony because it illustrates the 
huge task before us. I said earlier today that this is not sport for 
the meek. 

The decade of the 1950’s was devoted to the development of nuclear 
energy, in which you, Dr. Seaborg, played such a very important role; 
the decade of the 1960’s was devoted to space exploration and we 
hopefully are going to have a man on the moon before this year is 
over. 

It is my judgment that the decade of the 1970 ? s will largely be 
concerned with trying to put into a more orderly, manageable system, 
the fantastic scientific genius and progress that has been generated 
by man. 

Your testimony quite properly shows that there is no easy answer. 
Anyone who presumes that this system can be put together in 6 months 
really hasn’t looked at the problem as you have. 

To that extent, Dr. Seaborg, I . want to congratulate, you’. for 'your 
forthright statement. 

Dr. Seaborg. I might mention the magnitude of the problem here 
by referring to a speech I made in 1966 where I pointed out that at 
that time there were about 300,000 articles published in some 6,000 
scientific and technical journals in the United States alone, and on a 
worldwide basis a- total of about 35,000 journals publishing some 2 mil- 
lion articles a year, written by some 750,000 scientists in about 50 lan- 
guages. But to dramatize it further, X looked ahead 50 years, and on 
the basis of extrapolation, suggested that in 50 years from now in the 
United States alone some 1,300,000 scientists would be publishing 
nuaXly some 8 million articles; in about 60,000 journals^ while around 
the world a total of about 8 million scientists might be writing over 
20 million articles in some 350,000 journals, indicating’ of course, that 
long before that time writing in journals will be inadequate and means 
-of; storage of information and -means rtor retrieval ; of ihf ormation will 
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be necessary and we won’t be able to continue by our -present methods 
alone. 

Mr. Puoinsei. That is precisely the thrust of this proposal. It is 
a tragedy of our times that this knowledge is being generated by the 
human mind and yet other researchers don’t have the time or facilities 
to lie able to take advantage of all this, 

I don’t think that you could expect any human being, no matter how 
dedicated, to try to keep up with all of the knowledge being generated ; 
nor is it necessary. 

Dr. Seaborg. No. 

Mr, Pucinski. I don’t know of anyone who seriously believes it is 
necessary for Dr. Seaborg to read all of the journals that are being pub- 
lished. 

What we are hoping to achieve is the ultimate development of a re- 
trieval system that will be able to pinpoint for scientists like Dr. Sea- 
borg the very information he needs to complete or implement his own 
studies. This is one of the things tlrnt we have difficulty in com- 
municating. 

Mr, Del'lenback? 

Mr. Deelenback. Thank you, Mr. Chairman. 

Dr. Seaborg, this is obviously thoughtful and thought provoking 
testimony. It opens up a lot of questions, all of which we don’t have 
time to pursue this morning. 

But I would like to get any further comments that you might make. 
And there is one point that you touch on at tile bottom of page 7 
of your testimony where you, in conclusion, indicate that you feel it 
sound to call for cooperative efforts on the part of existing informa- 
tion facilities rather than for a more centralized system, 

l am not sure whether that is the thrust of this bill, although th© bill 
obviously speaks in terms of not duplicating where facilities already 
exist, I still get the feeling that the bill is thrusting in another direc- 
tion primarily and I would appreciate any further comments you 
might make on that. 

Dr. Seaborg. As I read the bill, it seems to me that it is consistent 
with that point of view. What I have in mind is a continued use of the 
pluralistic system that we have, the abstracting services and correlating 
services for scientific information, with some kind of a central coord? 
nating system. 

• It seems to me that that is consistent with the wording of the bill. 

Mr. De lt jpx back. Whether it is consistent or not, it is your feeling 
that this is the most desirable direction ? 

Dr. Seaborg, Yes, that is what I would recommend,’ that is right. 

Mr. Deleeotack, And it certainly isn’t desirable in your opinion 
then to try to reach for a national system which takes over and cem 
tralizes in the sense of — if it centralizes at all, it centralizes the 
coordinating efforts that are being made in an individual basis. 

Dr. Seaborg. I don’t think that is the approach we should use or that 
it would be the most efficient way of doing it, I do feel though that 
there is a definite role for the Federal Government in this coordinating 
system, in this job of coordination. 

For example^ there would be some responsibilities that might be 
taken by the Federal Government, One might be to insure that there 
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is at least one copy of every scientific article written anywhere in the 
world in th© United States. I don't mean by that that the Federal 
Government would be the custodian of that copy, but that they would 
know where that copy was and be able to retrieve it for any scientist 
who needed that information and somehow have the information 
required in order to retrieve it. That is just one example. 

Mr. Pucinsb:?. Would you yield at that point ? 

Mr. IlKnnnxBACic. B© glad to. 

Mr. Fucinski. On the very thing you have been talking about. Dr. 
Seaborg, we have been looking with great interest at the work of the 
Soviets at Yiniti where they do just that. I agree with your point that 
we should not have a central library where all of this information is 
assembled. I think you are right. , . 

Nevertheless the Soviet Union has developed a fantastic operation 
where every single scientist, ever single Soviet citizen that travels 
anywhere in the world, is insti*ucted to make sure that if there is a 
scientific jounial or an article in the magazine or article in the news- 
papers or a paper delivered at a convention, all of this material is 
gathered from all over the world and forwarded to Yiniti. There it is 
very carefully cataloged and abstracted and filed and ultimately 
made available to the scientists. It is generally recognized that Yiniti 
today is probably one of the world’s great warehouses of scientific 
information, . 

But if I may add this. I am glad you developed the point that 

? ou did about substitution and the answer that Dr. Seaborg gave you, 
would like to call attention to page 2 of the bill which says : 

The purpose of this Act Is to Implement, not substitute, existing information 
retrieval facilities. Therefore, it is specifieaUy prohibited under this Act for 
the National System to establish any Government- owned or operated science 
research data processing or information retrieval facility where such a facility 
already exists under either private or public ownership. 

We wrote this language to make absolutely certain that there would 
be no chance of the Federal Government supplanting or removing 
existing private facilities which now constitute such a very important 
sector of the scientific community. a 

Mr, Bebleneack. Let me ask a question along that line of Dr. Sea- 
borg, Mr. Chairman. , 

Would you say that all of the processing and retrieval systems. Dr, 
Seaborg, that are in existence now are uniformally of high quality? 

Dr. Seaborg. Well, I suppose that not all of them are, but there are 
various kinds of abstracting and information retrieval systems, either 
in operation or planned by the major scientific societies in the United 
States and those I believe are of high quality. The chemical abstracts 
of course is unsurpassed. , ? ■ ^ ^ ; 

Mr. DmiiENBAOK. I don't speak derogation of any of them. I am just 
talking about this Very point that the chairman touched on, that if we 
find that there is a facility already going under some form or another 
that this bill would preclude any duplication, even if that facility were 
really not performing effectively in th© field would be part of the 
information that I have, ' 

Dr. Seaborg. I think that obviously if you made an inventory of 
all the systems, there would be a variation from high quality to low 
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quality and I would imagine that what you would do in the ease of 
those that were inadequate would be to try to improve them by persua- 
sion, 1 think that would be feasible, by pointing out where it was defi- 
cient and suggesting ways of improving it and helping it financially. 
1 thin k that would be feasible. 

Mr. PpcmSEi, Would the gentleman yield just to make this point ? 
The bill says, 4i The national system shall arrange for appropriate 
financial payment for all science data provide into the national sys- 
tem by private source.” 

My judgment is that if they are not doing a good job it is because 
they are plagued like everybody else with lack of funds. My guess is 
that a transfusion of additional money might bring any private 
operating agency up to an acceptable standard with the science 
community. 

One factor, I think, is that the scientists, themselves, would be the 
policemen^ 

Dr. Seaborg* That, I believe, would perhaps save the situation if 
the system is inadequate. It is supposed to be serving the scientists 
and the scientists would be the first to complain and make the re- 
quired changes or suggest the required improvements be made, 

Mr. Dellenback* Oversimplinedly, I would suppose that research 
takes place in one of three types of facilities: One, purely Govern- 
ment, all the way through; two, private facilities, but financed with 
Government money • and, three, purely private facilities. 

Is the full range of results of research in all three of these fields 
reduced to acientif 
or do we find 

broadly and generally available ? 

; Dr. Sbaborg. Well, in the third field, as you, defined, private facili- 

Mi\ Dellenback. Private industry, for example, I have talked about 
private facilities handling private moneys* 

Dr. Seaborg. Because also there is the category of the universities 
themselves which, as I listened—^— h ;• ? y 

Mr. Deleen back. I would think of these as public money, whether 
they be State moneys or, Federal. 

Dr* Seaborg. As of the three categories, I wasn’t sure that it fell in 
either of the three. Private industry, where it is. working in basic re- 
search, publishes information in the traditional manner. But obvi- 
ously there is a good deal of information that is in the privileged 
category that has To do with the development of the , commercial prod- 
uet that isn’t immediately published. But I think usually even that is 
published in the course of events. . . ' . . ! ; , 

Mr. Deelenhack. And this is a question, as the others are, I don’t 
know the, answer to it add I am asking you for inform ation . If we 
can, oversimplifiedly, agahi, separate pure research from applied ro- 
se arch 2 do we find that pure research are made available ? 

Dr. SEAuoitG. Yes. r 5 r ~ 7 V; .-.i-i'd. 

?..>< : Mr* ^ Delee w back . But it is in, the applied research that sometimes 
there is retention? .-. r . 

3/> Dr. Seaborg.; There is>thjs delay in: ^publication where a product is 
inf the pro^ss.^f ^ f deyelqpfiieu,t 3 thejare^; of applied ^research; and 
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development, where a product is being developed on a competitive 
basis to produce a product to be put on the market on a competitive 
basis, and that is understandable. 

^ r y9 EL ^ ENBAC ?j* P ne J?®*' line - 15° you have any estimate of what 
■°Vin funds would be called for by this type of concept at this time? 

What sort of moneys should we devote to this concept? How much 
should we authorize if we were to provide for this sort of a move? 
„ 1 1 ‘ pnABono Well, I think that it would have to start modestly in 
order to get off the ground at all. I hadn’t given this much thought. 
1 know that, I suppose, in the Federal Government if we totaled all 
of the money that goes into information, technical information aetiv- 

llOOmniionT 6 ^ vvould be in the ru S ion of— wouldn’t it be more than 

. ¥ r ‘. Brunenkant. I think, Dr. Seaborg, the OST estimate for 
technical information, and this is rather precisely defined, it excludes 
technical manuals and other services, the current annual Government 
expenditures are m the neighborhood of a half billion a year. 

_ .t.i' b>I;r ' , ^ B 1 ACir - I am thinking less of the funds that go into re- 
search now. Federal moneys, and if we were to set up a national system 
or this nature what sort of initial authorizations or appropriations 
should be called for, one that would not be unrealistic because it would 
be so large and yet not be so small that it would prove ineffective to 
accomplish anything meaningful. 

Mr .Brunknkaxt. Neither Dr. Seaborg nor I have really given any 
considered thought to the question. Obviously there are proprietary 
interests involved or at least corporate interests involved and if you 
are going to pay for these including waiver of copyright, which is a 
major problem in terms of computer storage, you are certainly talk inn 
range of $10 million a year, exclusive of hardware. 
Mr, Dellenback. Does the National Science Foundation have am 
thonty to do this sort of thing? Could it move forward with this 
type of a program under the NSF ? 

thi?direct?on° * dou t bnmv - 1 imagine they could move a good way in 

Mi\ Deulenbach. Without any more enabling legislation? 

Mr. Ptoinski. If the gentleman would yield, I might say Mr. Adkin- 
son would be m a better position to answer that. 

Dr, Seaborg. He probably would. 

If yon get into the cost of the hardware that would depend on its 
complexity and how much you wanted to do and computer hardware 

and I would imagine that would build up. 1 

Mr. Dellenback. $10 million would be inadequate? 

Ur. Seaborg, That wouldn’t include much in the wav of the ap- 
paratus required. ...... , .. J 1 

Mr. Dellknback. You touched, in your testimony, Dr. Seaborn on 
«V fn is. already ill existence. Are you in a position to 

say to wl lat extent wmalready really have an interlocking system. 

Is it msignificant, are these isolated- examples bn - which yom touch or 
are tliey illustrative on what is.a rather. expensive interlocking system ? 

. . Dr. Seaborg. have a certain amount of iiiterlookino- capability 
^emw n pM-&ATCOM X understand -that is 

the Committee on Scientific and Technical Information of the Federal 
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Council on Science and Technology CQSATI, which is involved with 
the correlation of scientific information rather widely ; we have what 
is called EDUCOM the system that ties together some 35 to 4D univer- 
sities in about 20 or 25 States. 

Mr. Delbexbagk:. So it is more than just a few isolated examples, But 
there is still a great deal that needs to be done ? 

l>r. Seaborg. Yes. We have these starting efforts as I have indicated, 
but they are not broad enough yet to do the whole job, 

Mr, Dkleenback* Thank you very much, Dr. Seaborg. 

Thank you, Mr. Chairman. 

Mr, PnciNSBiT, Wo had estimates before this committee that we are 
now spending in this country at all levels in both the Government 
sector and the private sector, some $17 billion annually on research, 
all forms of research. 

Dr. Seabokg. Federal spending for research and development. I 
guess some $15 billion of that is in the area of development and ap- 
plied research and it is $2 billion or so in the area of basic and pure 
research, Those are rough figures. 

Mr, PrrciNSKi, When one sees the huge expenditure in this country, 
$17 billion, one can see the need for some facilities to try and make 
this research more readily available. And that figure will not remain 
static. 

Dr, Seaborg, you mentioned the National Commission on Libraries 
bill, I have some serious reservations about the bill in its present form. 
If it were to deal only with libraries I would have no quarrel with it. 
But the bill not only deals with libraries but science information re- 
trieval. I am afraid that the National Commission on Libraries and 
Science Information Retrieval would become just another instrument 
on top of a lot of other mechanisms now existing in the Government* 

I personally think that this whole problem is too vast and needs work 
and discussion and study to entrust it to a National Commission on 
Libraries and Information Retrieval, If a national information re- 
trieval system is to be built in this country libraries will have to be tied 
in; no question about it. Purdue University has one of the finest li- 
braries m the world on the heat elements of metals; and the Uni- 
versity of Chicago is now building a $20 million library* Eventually 
the University of Chicago will be tied in with other libraries and ul- 
timately with an inf onnation system* 

I agree with you, X think that libraries, the Newberry Library in 
Chicago and various other libraries around the country— — * 

Dr. Seaborg. Also Crerar. 

Mr, Pucikski, (continuing). Would become, certainly, an integral 
part of the cities. 

But my experience has been that when you set up a commission 
the old race for the dollar starts and I think that we tend to dupli- 
cate and get in each other’s way in trying to get the job done. 

Would you have any comment on whether or not we ought to in- 
clude information retrieval in that library commission or shall we just 
confine it to interworking arrangements among libraries. I have no 
pb j ection to that, but I don’t like the idea of trie proposed N ational 
Commission on Libraries moving into the science retrieval field. 
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Dx\ Seabqkg. I am not really sufficiently familiar with that library 
bill to make what I would think would be a sensible comment on that, 

Mr, PtrciNSKi, Very well , 

Dr. Seaborg, as I say, I am very grateful to you for your testi- 
mony, When we conclude this particular set of hearings we are going 
to have a better idea than when we started several years ago of how 
complicated this proposal is. While this bill calls for the Science In- 
formation Service of the National Science Foundation to develop the 
system, I am not sure that SIS is quite big enough to take on this kind 
of responsibil ity. It is entirely possible that an established agency 
like NASA— which has had a great deal of experience — has the ca- 
pability to take a hard look at this program. 

I want to make one point clear. We envision here a system that, in 
my judgment, would serve mankind. I am mire that somewhere there 
are answers pointing to possible cures for cancer. There are unques- 
tionably answers to many of our problems available, but unless scien- 
tists can have easy access to this information I am afraid that we are 
going to continue floundering. I am grateful to you for your testimony, 

Mr. Dbllenbaok. Are you implying, Mr, Chairman, that the stale- 
merit I once heard is valid; that anybody who can remain calm In -he 
midst of all this confusion simply docs not understand the situation. 

Mr, Ptjoixs rt. That is exactly what we are trying to do, 

I would just like to add this one point, because it gets lost, I am a 
Strong believer in letting the scientist be the final judge ol his work 
and its value. If we will leave him free to sfndy he will come up with 
solutions to man’s great problems, AH I am seeking to do is to make 
available to him the product of this colleagues’ work. He will then 
nidge whether the information should be developed further or not, 
I do not want to be one of those who will put restraints on scientific 
pursuits. 

Thank you very much, Dr. Seaborg. 

Dr. Seaborg. Thank you, sir. 

Mr. Ptxoinsrt. Our next witness this morning is Burton Adkinson, 
Dr. Adkinson, won’t you come forward? 

Dr. Adldnson is the head of the Office of Science Information Serv- 
ice and the gentleman who would be responsible for laying the ground- 
work for the development of the information retrieval system in this 
country within the framework of the National Defense Education Act. 

We all remember that the Science Information Service was born 
with the development of the NDEA when in 1954 this country suddenly 
discovered that we were very far behind in scientific research.. par- 
ticularly in space and something had to be done. Among other 1 1 
the bill created the Office of Science Information Service. In proposing 
a national information retrieval system, it was my view ihat Dr, 
Adkinson’s shop would probably be the best vehicle for trying to 
organize tilie facilities that we have been talking about. 

We are pleased to have you; before us, again, Dr, Adkinson. 
You were, I believe, our first witness 6 years ago when we got into 
this field and, frankly, I am not at all disturbed that vp have taken 
this many years. It would be a great mistake if we tried to plunge 
into something as big as this and as important as this without think- 
ing it through. I am pleased to have you here this morning to review 
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for us wiiat has transpired in the ensuing years, what new develop- 
ments have come up, what new thinking lias developed in this field, 
and what can be don© to move this concept toward fruition. 

Dr, Adkinson, we are very happy to have you here. Your statement 
will go in the record in its entirety at this point and we will let you 
proceed in any manner you wish. You can either read the statement or 
you can summarise it, 

(The statement follows:) 

Statement of Dr. Bueton W. Adkinson, Head, Office of Science Information 
Service, National Science Foundation 

Mr. Chairman and Members of the Subcommittee, in expressing my appreciation 
for the opportunity bo testify before this Subcommittee, I am going beyond the 
traditional courtesies. The fbous of these hearings has been and continues to he 
the active* da y J by -day ooncem oef myself and the stuff of the Office ol Science 
Information Service in 'the National Science Foundation. 

From the beginning the Foundation has had responsibility under Section 
3 (a) 3 of the National Science Foundation Act of 1950* as amended, "to foster 
the imtorehange off scientific Lnfomration among scientists in the United States 
}Ln< l foreign countries.” In 1958, specificity was added to this mandate by passage 
of Title IX of the National Defense Education Act, which directed the Founda- 
tion “it© provide or arrange for the provision of, indexing, abstracting, ^ trans- 
lating and other services leading to a more effective dissemination of scientinc 
information” and “to undertake programs to develop new or improved methods, 
including mechanized systems, for making scientific Information available/ 
The terms of this mandate serve as a continuing reminder that responsibiiities 
for providing fiscal support to secure a variety of information services is only 
part of our goal, the easier part. The more difficult part is the one of securing more 
effective dissemination of scientific information and to ensure Improved methods 
for making scientific information available. 

My reason for emphasizing these responsibilities in relation, to today’s hear- 
ings stems from my awareness that this Subcommittee Is motivated by the very 
same concern. I will* therefore, devote myself to an explication of the programs 
and policies of the Natioiial Science Foundation and the Office of Science In- 
formation Service in the field of science information, with particular emphasis- 
on developments since 1963, when the Ad Hoc Subcommittee on a National Be- 
search Data Processing and Information Retrieval Center held hearings. 

REVIEW OF THE FAST SIX YEARS 

It would be a mistake to suggest that everything has changed since 1963. 
There are many similarities in the conditions that confront us today with those 
identified as forceful influences six years ago. Let me first enumerate some of 

the similarities : • ■ - ‘ ^ , 

The field of science information was concerned with the pressure of in- 
creasing literature. The expression on everyone’s tongue was “the Utemture 
explosion/’ The pressure is equally strong today, although now we have 
achieved a greater sophistication in an understanding of its essential char- 
acter. It is not merely a matter of an increase in the number of articles 
written by ' scientists and engineers, and an increase in the number of jour- 
nals and other vehicles for publishing information. More significant is growth, 
both nationally and internationally, in the number of scientists and engi- 
neers active In basic and applied research and development. We nave 
evidence that the average scientist publi^es no more today than he did six 
years ago, or ten or fifty years ago. But more scientists are engaged in the 
r . traditional exchange of .Information^— reporting the results^ of their re- 
search and utilizing the published results,. of the research of their fellow 
scientists. Along with growth In the volume of publication there is a paral- 
lel growth in the need for access to the available literature. The organiza- 
tions providing information have had to expand their services, their coyer- 
age, their capabilities. This expansion is still continuing because the amen- 
tifle cslabli shment in the United States and in the world outside the United: 
States continues to grow. 
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Conditions of growth and expansion in the number of scieiitistH, in ^ the 
literature they produce and require to support their scientific activities, 
have had ripple-like effects. In 1963 traditional services were already too 
slow, too cumbersome, too narrow and at the same time too general. These 
same complaints and corresponding demands for more diversified services, 
for more rapid service, for more individualized service, are heard today. 

The information industry was entering the age of the computer six years 
ago and managers of information services were under pressure to start 
utilizing the computer to solve some of these problems. The pressure for 
computerization or, in more general terms, for exploitation of advance^ 
technological information processing resources ib present today. 

The ferment in scientific disciplines has not changed. The trend toward 
increasing specialization is a continuing one with the resulting appearance 
■of new subdiseiplines and the merging of older ones. Interdisciplinary re- 
search efforts are increasing, particularly as the problems of society have in- 
creased in complexity and require the contributions from many Helds of 
science. This ferment continues to impose an incessant pressure On informa- 
tion services for change. „ 

The pressures of 1903 for improved coordination and increased cooperation 
among information services are unchanged today though there is evidence 
of ehangein the response to them. . _ . ... . 

The demand for more speed and faster service has not changed, although 
the pressure may be more intense today. This Is perhaps not exclusively a 
result of the volume of information available. More important, I believe, is 
the fact that the rote of progress and change in science and technology has 
been increasing so that information tends to become obsolete much more 
rapidly than it did even six years ago. 

There was recognition in 1963 that eventual implementation of the com- 
puter technology would require larger and cheaper computer memories to 
handle the large flies inherent in soientiilc information processing. There 
was faith that the computer would do any Ming for which man could program 
it and there was faith In man's ability to program. In 1963, one could foresee 
computerized translation (it was called “mechanical translation") when 
memories, speeds, and costs converged. Today we are much less optimistic 
with this prospect. Six years ago abundant effort was expended in computer 
experimentation in new methods for indexing, storing, and disseminating 
information. It is to these efforts that we owe controlled indexing vocab- 
ularies, computer-generated permuted -or “quick" indexes, systems for selec- 
tive disseminaftion of information, and the capability for processing in- 
formation dn machine-readable form so that it can be stored and further 
manipulated in and by the computer. ‘ ' ' __ , . , 

There were those far seeing individuals who could project the implications of 
those activities and realized that eventually there would be a need for an 
Jiizntiion of future information systems. Considerable effort whs devoted to model- 
ing future systems of systems, networks of systems, centrally controlled mono- 
lithic systems and so forth. The flavor of the arguments of that day can be ap- 
preciated when it is remembered that one of the divisive issues was whether the 
United States should or should not have a centrally managed system for informa- 
tion services Should we have a system like YINITI, which serves the Soviet Un- 
ion? When all was said and done, however, in 1963, science information systems 
were still operated as they always had been=manually. The computer w&s still 
a promise ; its effective use was still ahead. - , • ■ _ ■ ' ' 

The situation in 1969 ds radically different. To the modeling efforts of 1968 
we owe our present view of evolutionary progress, building upon present, strengths 
and evolving system management and coordination techniques that would en- 
hance such progressive buildup and evolution. ^ , V 

Active efforts to develop large automated Information systems dominate tie 
scene. This statement deserves some elaboration. In the field of chemistry, a 
capability was developed to represent a chemical compound structure in machine- 
readable form This capability led, during the six-year period, to the development 
of a register of chemical compounds and to programs which would tie the register 
to literature references related to Individual compounds, to information about 
compound names, properties, chemical activities, and other data. This capability 
coincided in time with an unbelievable increase In chemical literature and a corre- 
sponding increase in chemical abstracts. The Chemical Abstracts Service faced 



18 



an imminent^ operational crisis. Today, their capability has improved to the 
point where it permits the American Chemical Society to institute plans for a 
totally automated information system, including the publication of Its journals 
and the preparation and publication of the Chemical Abstracts* Parent he ti call v 
let me indicate that the plans of the American Chemical Society include atten- 
tion to exchange of information at professional meetings and informal communi- 
cation as well as to primary and secondary publication programs. 

The program in chemistry, as it has developed to date, has many implications 
for information system programs under development in other fields of science 
Such programs are now being, pursued for other major disciplines including 
physics, psychology, biology, the earth sciences, and others. 

The significant element that I wish to stress is that today the use of the com- 
puter is a present reality in information processing. It is being exploited in its 
various modes depending upon requirements and calculated benefits, processing of 
increasingly large data banks and files takes advantage of the economics of batch 
processing. Tape and disc memories are utilized ; and output utilizes on-line print- 
era and a variety of on-line terminals. 

Advances which make the computer a real and present tool for information 
processing jMise the problem of developing connections between informatio 2 i sys- 
tems as a present concern rather than as a problem for the future. The proces- 
sors, the operators of information systems, increasingly recognize the need for 
inoraased cooperation, for developing of compatibility in machine processing at 
"™? = 1 Eput and output phases, because of the economic imperatives associated 
with the operation of large automated information systems. The user, the scien- 
tist or engineer, increasingly wants access to the information regardless of orga- 
nizational affiliations. The biologist who requires access to information in the 
field of chemistry, the chemist who needs physical data, the engineer concerned 
with behavioral information, cannot be constrained by historical divisions among 
disciplines. Relationships among and between information systems have to he 
,?° f a< ^Iitate the most rapid access to data wherever it may be, and 
efforts to link systems mt# a functioning network will continue to be necessary. 

Another important difference of the past six years concerns the entry of com- 
mercial information processors into the field. It is still difficult to assess the 
implications of this development. In i 1968 tile field was not one to attract commer- 
cnil enterprise aside from its traditional function as ah outlet for published 
products, today this sector recognizes a- valid market for information services 
a .market to which it can make a valid contribution through specially tailored 
information . products and services extending beyond the conventional printed 
nook. The difficulties of assessment stem from the fact that commercial enter- 
prise normally advances risk capital to develop a product with the Intention of 
realizing a profit on the capital. By the very virtue of its former lack of profltabil- 
ity, the. field has tended to be dominated by nonprofit services, such as those 
rendered by government agencies, universities, and professional societies. 

A hnal aspect thab I would mention, in forms of a significant difference as 
between 1963 and 1969, concerns the matter of personnel, talent, and capabilities 
available to the field of science information. Let me focus on research libraries 
which provide a significant information resource to this field. In 1063 the major 
libraries serving science and technology, including Federal libraries and major 
University libraries like those at Harvard, the University of California, and the 
University of Chicago, recognized the need to tool up for computer exploitation 
they had to meet pressing problems concerned with acquisition, organization, 
and service, of their rapidly expanding collections,. Automation’ programs were 
being initiated in libraries. They were, liowever, programs of an embryonic char- 
acter. Initial efforts in one or another library were devoted 1 to using computers 
for normal business applications and for some minor inventorying functions, A 
definite limitation was the fact that: librarians were not knowledgeable about 
computers. Programmers and systems analysts were not a normal complement 
of the library staff, ^ .jv.s'.' • '- r-j .. 

Today the situation is radically different. The Library of Congress just recently 
nnnoimced a service which makes its cataloging available in the form of machine- 
readable Tapes. Today there are libraries in this country ready, able, and willing 
to subscribe to | such tape : services and t6 utilize cataloging information in 
machine-readable form. Most major libraries now have computer programmers. An 
increasing -number are concerned with the prospect of adding computer tapes 
with many different kinds of information, not at all limited to bibliographic data, 
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to their collections. The American Library Association has formed a new division 
concerned with library automation. The Special Libraries Association is consider- 
ing a merger with the American Association for Information Science, This change 
is one that is not limited merely to the fact that libraries, large and small, are 
increasingly computer Oriented, Their capabilities have developed in this regard 
as have their human resources. The implication of the relationship of this devel- 
opment to the developments in information services provided through the basic 
discipline oriented information services will be mentioned later in my testimony. 

The differences highlighted between the conditions and the situation of 1963 
and of 1969 apply to the field of scientific and technical information in general. 
The major changes paralleled and in some instances were influenced by support 
policy changes in the National Science Foundation, 

Policies and programs in the earlier period were concerned with support for 
ongoing operations and services, and with support for research and experimenta- 
tion designed to prepare the science information community for the time of 
activation with respect to new developments— particularly developments involv- 
ing applications of the computer technology, 

FOUNDATION SUPPORT IN 10C3 

The support then provided may be characterized as follows : 

Support for translation — This included translations accomplished by 
professional societies within the United States on the basis of their judg- 
ment of needs, Scientific journals, mainly Russian but some Chinese and 
Japanese, were translated cover-to-eover ; a few were published with a 
selection of the more significant articles in a partietilar field. The pro- 
fessional societies engaged their own translators in a few instances but 
relied for the most part on commercial translation organizations for the 
actual translation as well as the printing and binding of the translated 
journal, A complementary translation activity at this time consisted of con- 
tracts for translation services with organizations in a few foreign coun- 
tries ( Poland, Yugoslavia, Israel) in which excess local currencies had 
accrued to the credit of the United States under the provision of P.L, 480. 
The Foundation’s appropriations permitted acquiring these currencies, and 
securing contracted translation and related services to meet requirements 
of agencies of the Federal Government. 

Support for publications— This involved the recurrent requirement for 
financial assistance to scientists and scientific societies for the publication 
of monographs, i.e., worlts of high scientific merit without the profit poten- 
tial to enlist the interest of commercial publishers. The further requirement 
for support of scientific journals that needed to pull out of a deficit or whose 
inauguration was beyond dispute was also involved. However, support for 
journals played a relatively small role, with the major portion of appro- 
priated funds going to support publication of scientific monographs in a 
wide range of scientific disciplines. 

Support of operational services— Defiit support was extended to some of 
the more significant information services. Those included, abstracting and 
indexing services which provide access to the current and retrospect i% p e 
scientific literature. The support covered the major disciplines, including 
biology, chemistry, mathematics, earth sciences, the social sciences, and 
engineering. . . ' , ^ ^ 

Support for research and studies — This is the area which described the 
future outlook for the field of science information. The studies focused on 
the communication behavior of scientists and engineers, on methods for 
evaluating the performance of information systems, and on theoretical 
foundations for indexing and organizing information for effective retrieval. 
This area also included siipport for mechanical translation, which was fur- 
ther redefined as automatic language processing, am! eventually termed 
computational linguistics. Support for research and studies was designed to 
secure improved understanding in order to provide the base for future 
; developments. : 7 _ ■ "■ *' • ^ ■ ■ ■ ' . *- • ■ ■ 

Support of prototype systems— A : small effort was supported that may be 
described as prototype systems. These consisted of innovative systems that 
departed from tradttlonar approaches. They served the dual purpose of test- 
mg innovation s and providing a test bed for experimentation where scientists 
subjects became 1 users of nontraditiohal approaches to information service. 
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FOUNDATION SUPPORT IN 1900 

By 1969, the programs and policies of the Foundation had undergone significant 
alterations. This, however, did not apply across the board. Some of the support 
functions continued unchanged because the requirements for such support 
remained essentially unchanged. Thus, translation of important documents in 
Russian, Chinese, Japanese, and gome other languages required continued (Support 
because the lack of familiarity of American scientists with such languages had 
not changed. The importance of the material in such languages had increased as 
had the interest of scientists in general for translations secured through both 
the domestic program and the foreign currency program. Similarly, meritorious 
publications that were not commercially viable continued to require support. 
Again support of operations of information services aimed at the major disciplines 
had to be continued. 

The key difference, however, was that support emphasis had shifted to system 
development. This shift was tied to the fact that the computer and other tech- 
nologies were uo longer a promise but an effective reality. The implications of the 
new support pattern have been many : 

Support for ;iii to Filiation system development programs hag been centered 
in the professional societies or organizations oriented to the major disciplines 
in science and engineering. 

The network Implications of such system development programs have 
resulted in support to efforts designed to accommodate the various liaison, 
cooperation, and related activities necessary to achieve interconnections of 
the developing systems. 

The predictable products, particularly machine-readable products, of the 
emerging information systems imply the need for development and of new 
capabilities as well as new services in the varied nodes of the emerging 
information network. 

Although research continues to be an indispensible adjunct to the broader 
developmental effort, its support has been refined, 

(a) Research that is required as part of a specific effort in a given 
system development program is supported as part of that program. 
In these programs it is expected that developmental efforts will reveal 
research requirements rather than find that research will reveal fruitful 
developmental! avenues, 

(&) Research that cuts across developmental programs is supported 
•independently and includes support for advanced research of an applied 
character for future exploitation. . 

(c) Undirected -research of a more fundamental kind is also supported. 
This support takes two forms : (1) the project support form, character- 
ized as research of opportunity Involving considerations of the merit of 
the proposal and the capability of the investigator, and (2) the support 
of research centers at universities where research is interdisciplinary, 
and graduate student training functions are stressed. An important 
feature of these research centers is associated with an operating 
information system to ensure that the centers* activities are relevant 
to significant problems. Two such centers, one at the Georgia In- 
stitute of Technology, and another at Ohio State University, are cur- 
rently operational. 

The support of costly system development programs has consequences which 
need to be mentioned. Unlike the typical research project, a development program 
has built into it considerably more financial exigencies. The typical developmental 
program comprises activities that yield a system concept, program definition, 
system design, steps leading to acquisition of the system, capabilities requisite 
for its operation in terms of human and machine resources, and the system's 
"transition, to operational status. This sequence Is ..subject to specific planning 
and checks on progress. The costs are likewise predictable and have a cyclical 
character ; with relatively modest start-up requirements, progressively mounting 
as the definition efforts lead first to design and then to acquisition stages, holding 
level or slightly declining at the point of operational transition, and dropping when 
steady-state operation is reached/ Characteristic of this pattern is the fact that 
the existing operating system which is to be superseded must be maintained In 
parallel with the developmental effort through to the transition to the new system . 
Such programs entail an important commitment on the part of both the organiza- 
tion devoting itself to the developmental effort and the Foundation providing 
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financial assistance. Neither can afford to risk dislocation of the developmental 
plan by virtue of capricious budgeting ; both must accommodate to the realities 
of the budget process and to the requirements of the developmental process. 



The changed circumstances of the past five or sis years that I have described 
have been influenced, and in turn have influenced the policies and guidelines which 
govern the -administration and program formulation for science information 
activities in the Foundation, Some of these have been touched upon in passing, 
but I believe it is useful to describe them as explicitly as possible. 

Our fund am ental orientation is to the user of scientific and technicai informa- 
tion— to the scientists and engineers who produce and use this information in the 
course of their research and their work. This emphasis was particularly high- 
lighted by and r according to our view, was the single most important contribution 
of the Weinberg report. The policy that follows from this orientation is one of 
ensuring that the user determines requirements, assesses system performance, 
expresses evaluative preferences among alternatives, and generally develops a 
responsible attitude with respect to scientific and technical information services. 
The orientation is opposed to seeking these functions among operators of infor- 
mation systems, government officials, contractors with prospective solutions to 
system problems, entrepreneurs with plans for unburdening the Government, and 
so forth. All of the latter have their proper role, but the policy is one that seeks 
to focus responsibility and decisions on the user — the scientist and engineer. 

In order to accomplish the goals of this policy, we encouraged, the emergence 
of organizations that reflect the collective requirements and decisions of the 
user community. The criteria that have been identified Include : (1) represent a- 
tivenes8=the organization must he representative of the scientists and engineers 
in the discipline for which it proposes to mount an information system pro- 
gram* (2) responsibility — -the organization must be responsible to the commu- 
nity which it represents, and this responsibility must be demonstrated rather 
than merely asserted; and (3) readiness — Uie organization must be ready to 
undertake such a developmental program in the full sense of providing organi- 
zational support, management, and technical capabilities. 

The same criteria have become operative , in our exploratory program to 
develop university centered systems which will become integral parts of the 
developing network of information systems. In the ease of universities, it is 
the university administration rather than the library, or department, or com- 
puter center that we see as the locus of responsibility and representativeness. 

It must be granted that the readiness of different societies to mount informa- 
tion system development programs varies widely. Happily, this third criterion 
is one about which we can do something. We cannot create representativeness 
and responsibility — either they are or are not representative and responsible — 
we have been able, by means of fiscal resources, to repair or enhance or improve 
the state of readiness. This has been an important aspect of our program in 
support of system development, 

1 want to mention that the policy, which seeks to locate responsibility for 
tlie development of information systems within the user community was indeed 
anticipated by the Chairman of this Subcommittee. In the course of the hear- 
ings, on April 27, 1964, on a National Research Data Processing and Informa- 
tion Retrieval Center you said: 

", , . a national system which will flow through a nerve center, a command 
post, call it what you like, which would, with the cooperation of all existing 
facilities, maintain a running inventory on what is being done, where, by whom, 
and what is already available, in the respective disciplines, so that, as 1 have 
said many, many times, the scientific community will be able then to impose 
its own discipline ayainst waste and duplication” 

We call attention to your emphasis on the hope you then, expressed, and to 
the policies that j we have developed, which indeed lead to a capability on the 
part of the scientific community to impose its own discipline on the nature 
and quality of the information services provided to them. 



Coordination, cooperation, intercommunication, compatibility, and networking 
of systems and between systems is still of concern. Our experience is that 
these collaborative efforts benefit when the performing organizations themselves 
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realize the need and importance of them. As the need becomes manifest, we 
have provided support. The support is not exclusively financial, but has also 
consisted of contributions of expertise from among our staff. To a degree we 
have helped in speeding the recognition of the need. But have been cautious 
about imposing our views ; lest by doing so we dilute the responsibility assumed, 
by the organizations providing leadership and actively pursuing the necessary 
developmental programs. 

In this connection, there is increasing awareness that the information systems 
operated by agencies of the Federal Government in pursuit of their agency 
missions have an influence and bearing on the developing discipline-oriented 
systems. The Government systems also have requirements for the services of 
discipline-oriented systems. Inter-agency coordination has become the central 
concern of the Committee on Scientific and Technical Information of the 
Federal Council for Science and Technology. This Committee is closely linked 
to the operations of the Office of Science and Technology, The National Science 
Foundation has agreed with the Office of Science and Technology to focus its 
eoordinative responsibilities toward the information services outside of govern- 
ment, Its participation in the deliberations of the Committee on Scientific and 
Technical Information provides a necessary, although not exclusive, link between 
the Government and private sectors. The Foundation’s budget has included 
funds by means of which the planning and coordinating responsibilities that are 
conceived as a national responsibility of the Office of Science and Technology 
in the area of scientific and technical information are financed, ' 

The fact that scientific and technical information systems in the United 
States have developed services which are used internationally, and the fact 
that these services have become increasingly computer-based, has led the ad- 
vanced industrial countries to seek similar capabilities. The need for a con- 
tinuing relationship with TJ,S. services has stimulated a number of international 
governmental and nongovernmental organizations to consider suitable mecha- 
nisms for the development of international networks for scientific and technical 
information. The Organization for European Cooperation and Development 
serves as a forum for the discussion of national policies with respect to scien- 
tific Information and as a seat of discussions on common problems of planning 
and economics in the development of large information systems. The United 
Nations Educational, Scientific, and Cultural Organization has joined forces 
with the International Council of Scientific Unions in planning the base for 
an international network of Information systems. Discussions between repre- 
sentatives of the American Chemical Society and the National Library of 
Medicine with representatives from indlvdiual countries have been held. These 
have been concerned with training of foreign nationals in the operations and 
utilization of the American systems to the end that the country that is party 
to the agreement would contribute to the total system operations. Similar dis- 
cussions and developments can be expected in the earth sciences, in the field 
of nuclear energy, and others. The Office of Science and Technology and the 
Committee on Scientific and Technical Information also have specific interests 
m this. area. The latter has organized an International Panel with representa- 
tion from its member agencies, including the National Science Foundation and 
the Department of State, to ensure coordinated participation in these inter- 
national developments. It is Foundation policy to encourage the development 
of these relationships in the interest of international exchange of information 
from which our scientists cannot help but benefit, 

UNRESOIVED POLIO V ISSUES 



We do not profess to have developed successful policies to meet all contingencies 
nor to have answers to all questions and problems. The increasing involvement 
of industry in providing commercial information services will pose poliev 
questions. We will be assisted in dealing with these issues by the Science 
Council, established by Title IX of the National Defense Education 
Act, This Council has had and continues to have forceful industry representation 
Developing Information systems, particularly the dlscipUne-Orientedinfornm- 
tion services, are moving into a pattern that entails computerized services 
involving distribution of tapes with information and data. These will involve 
computer searches of varying ( lengths and .complexity, direct and on-line ex- 
changes between inquirer and central .Or remote stores, and .special services 
of many lands. The e«>nomies of tliesenew patterns have. not 'yet. been tested. 
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Xor is it well understood, how ono moves from the conventional publishing 
service which secures economic re turns through' the simple means of subscnptxon 
arrangements to computer services of the complexity just enumerated. _ 

The trend among the discipline-oriented information systems and services * 
is to develop what has been termed “wholesaler” capabilities. Their products 
will have a general utility to a wide audience. The needs of specialized groups 
of scientists and engineers in subdisciplines, interdisciplinary teams, all d so 
forth may have to be met by “retail” services such as are being organized on 
university campuses and by industry. Policies and, mechanism for support of 
these services will require continued exploration. 

Another area of policy uncertainty derives from the uncertainties of future 
fiscal resources. In principle, all disciplines that receive research support from 
the Foundation are eligible candidates for support for information system 
development, assuming that the conditions with respect to the availability 
of a representative and responsible organisation for the discipline are also 
met. The fact remains that present and foreseeable fiscal resources are lnsum- 
eieut to meet a situation in which all candidate disciplines proposed such 
development programs. 

fctote prospects 

Let me turn to a description of future lines of development, as I visualize them : 
Effective information systems for the major disciplines can be expected 
to be operational within the next decade. • • . , . 

Similarly, information systems in Federal agencies serving broad society- 
oriented missions, will be further developed and their number can reasonably 
be expected to increase. ' ... „ 

Smaller information systems serving narrower discipline communities 
as well as •subdisciplines or interdisciplinary groups will emerge. One can 
anticipate a mixed setting for these systems. Some will be society -based ; 
others may be located In universities, in government agencies, and m private 
nonprofit as well as commercial organizations. - 

The products and services produced by these systems will combine the 
traditional published forms with machine-readable products for computer 
processing and interactive communication with information or data iu 
computer memories, • - 

The coinputer^processed. information services will provide and, indeed, 
will encourage reprocessing of information for special interest groups,^ for 
special purpose applications, and for increasingly individualized ^services. 
If present trends continue, we may find the university-centered information 
system serving not only the campus community of scientists, engineers, and 
students but also the community located in nearby industry. Some university- 
centered information services may play the role of regional information centers. 

The relationship between discipline-, mission-, and special purpose-oriented, 
information systems based in professional societies, government agencies, tmi- 
versity campuses, and industry, will provide constant pressures— pressure for 
compatibility of machine-readable information products ; pressure for standard- 
ization on behalf of such compatibility * and pressure for progress m economical 
and effective storage, processing, and dissemination of information, particularly 
as the data bases and files become larger and the amount of information for 
processing grows. . " 

THE NATIONAL SYSTEM 

The aggregate of the several systems that are presently in the course of develop- 
ment and that may be expected to emerge as a result of efforts still to be under- 
taken constitutes the national information system. The participants in this 
network will be drawn from all sectors of our. society and will all need a voice 
In its operation and management. ; . ; . • • 

I have tried to ! outline some of the steps we have already taken to encourage 
cooperation and coordination among the components of this national system. 
Of necessity, more efforts along these lines will be needed, and I welcome the 
contribution of those bearings in : focusing attention on the particular issues 
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direct or manage 'our national array of information services. Nor does it appear 
desirable at present to establish by legislation a formal National System. The 



constraints imposed by such a formal system might well inhibit rather than 
assist the productive evolution of these services. I therefore believe that the 
enactment of the proposed legislation is not advisable at this time. 

X have not provided the many illustrative details of our operations, the 
activities of the organizations who have had our support* the eon sequences of 
those activities, the particular problems that were being pursued or the funds 
devoted to particular programs. These details, Mr. Chairman, have just recently 
been presented to the Congress in the authorizations hearings of this past March. 
I ask permission to submit the statement prepared for those hearings by the 
Foundation concerning our science information activities for addition to my 
remarks and inclusion in the record of these hearings. 

Thank you, Mr. Chairman. 

Mr, Fucinski. Before I call upon you to read your statement, I 
would like to ask Mr* Dellenback if he has anything' to add, 

Mr. Delubiusack* No, thank you, Mr, Chairman, 1 welcome the wit- 
ness here today and look forward to his testimony. 

Mr. Puctnstct. Mr. Adkinson, you may proceed in any manner you 
wish* 

STATEMENT OF BE, BURTON W* ADKINSON, HEAD, OFFICE OF 

SCIENCE INFORMATION SERVICE, NATIONAL SCIENCE FOUNDA- 
TION; ACCOMPANIED BY HENRY J. DUBESTER, DEPUTY HEAD, 

OFFICE OF SCIENCE INFORMATION SERVICE; AND CHARLES 

MAECHLING, JR. ? DEPUTY GENERAL COUNSEL 

Dr. Adkihsok. Mr, Chairman, before I proceed I would like to in- 
troduce the two gentlemen with me and identify where they are in 
the National Science Foundation. 

On my right is Mr. Charles Maechling, Jr, the Deputy General 
Counsel of the National Science Foundation; and on my left is Mr,. 
Henry Dubester, who is Deputy Head of the Office of Science In- 
formation, the office which I head* 

As you said, rather than read the lengthy statement, I would like 
to summarize it and give the salient details with the lull statement 
going into the record. 

In expressing my apreciation for the opportunity to testify before- 
this subcommittee, I am going beyond the traditional courtesies. The 
focus of attention of these hearings has been and continues to be my 
active, day-by-day concern. It is tne concern of the staff of the Office 
of Science Information Service in the National Science Foundation,. 

The responsibility assigned to the Foundation by the National De- 
fense Education Act, was “to provide or arrange for the provision of 
indexing, abstracting, translating^ and other services leading to a more 
effective dissemination of scientific information” and to undertake 
programs to develop new or improved methods, including mechanized 
systems, for making scientific information available. 

In addition, I should mention section 8(a) (S) of the National 
Science Foundation Act of I960, as amended, to which NDEA title 
IX gave specific emphasis, r / ; . 

The terms of this statement serve as a continuing reminder that 
responsibilities for providing fiscal support to secure a variety of in- 
formation services is only part of our goal, the easier part. The more 
difficult part is the one securing more effective dissemination of 
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scientific information and to insure improved methods for making 
scientific information available, .... „ . 

My reason for emph asizi n g these responsibilities ill relation to to- 
day’s hearings stems from my appreciation that this subcommittee 
is motivated oy the very same concern. It is this appreciation which 
has guided me in the preparation of my testimony . In the time at my 
disposal, I will devote myself to an explication of the programs and 
policies of the National Science Foundation and the Office of Sci- 
-eiiee Information Service in the field of science information, with 
particular emphasis on developments since 196*3, when the Ad Hoc Sub- 
committee on a National Research Data Processing and Information 
Retrieval Center held hearings* 

Let me review the past 6 years. 

Mr. Pttcinski. If I may just interrupt here* I am very pleased to 
hear you remind us that in 1963 we were talking about a center. We 
have learned a great deal since those early hearings, particularly that 
we are really talking about a system, not a center, because it is inadvisa- 
ble to think of putting all of this information under one roof. 

But I was struck by your recollection for us to the word “center.” 
That is not our thinking today, 6 years later, not at all. 

Dr. Adkinson. Not at all. 

It would be a mistake to suggest that everything has changed since 
1963. There are many similarities in the conditions that confront us 
today with those identified as forceful influences 6 years ago. Let 
me first enumerate some of the similarities : 

The field of science information was concerned with the pressure of 
increasing literature. The expression on everyone’s tongue was “the 
literature explosion.” The pressure is equally evident today, although 
now we have achieved a greater sophistication in understanding its 
essential character, ; - . 

Traditional services were too slow, too cumbersome, too narrow, and 
.at the same time too general in 1963. These same complaints and cor- 
responding demands for more diversified services, for more rapid serv- 
ice, for more individualized service, are heard today. 

The information mdiisfcry was entering the age of the computer 6 
years ago and managers of information services, were under pressure 
to start utilizing, the computer to solve some of these problems. The 
pressure for exploitation of advanced technological information proc- 
essing resources is also present today. •; ! . 

The trend toward increasing specialization resulting in the appear- 
ance of new subdisciplines and the merging of older ones was char- 
acteristic of science mi 1968. Interdisciplinary research efforts were 
increasing. This ferment in scientific disciplines has not changed today* 
The pressures of 1963 for improved coordination and increased co- 
operation among information services are unchanged today, although 
there is evidence of change in the response to them. 

The demand for more speed arid faster service has not changed, 
although the pressure may be more intense today. 

Given these similarities, it is important to stress that there are im- 
portant differences in 1969 as contrasted tp the conditions we knew in 
1963. In 1963, science information systems were still operating as they 
always Had been— manually. The computer was still a promise, its 




26 



effective use was still ahead. Today, active efforts to develop large 
automated information systems dominate the scene. The computer Is 
being exploited in its various inodes depending on requirements and 
calculated benefits. Processing of increasingly large data banks and 
files takes advantage of the economies of batch processing, tape and 
disk memories are utilized, output utilizes online printers, and a variety 
of online terminals. 

Today the user, the scientist or engineer, increasingly wants access 
to information regardless of organizational affiliation. The biologist 
who requires access to information in the field of chemistry, the chemist 
who needs physical data, the engineer concerned with behavioral in- 
formation, cannot^ be constrained by historical divisions among disci- 
plines. Effort to link systems will be accelerated. 

Another important difference of the past 6 years concerns the entry 
of commercial information processors into the field. In 1963 the field 
was not one to attract commercial enterprise aside from its traditional 
function as an outlet for published products. Today this sector recog- 
nizes a valid market for information services, 

A final difference I will mention relates to the matter of per- 
sonnel, talent, and capabilities available to the field of science 
information. For example, programers and system analysts were 
not a normal complement of the majority of information facilities 
m 1963. Today the situation is radically different. 

The similarities and differences highlighted between the conditions 
and the situation of 1963 and of 1969 apply to the field of scientific 
and technical information in genera] . The major changes paralleled 
and m some instances were influenced by support policy changes in 
the National Science Foundation. 

I wish now to contrast Foundation support in 196S with that of 
today. Foundation support in 1963 may be characterized as follows r 
fe up port for translation- — This included translations accomplished 
by professional societies within the United States oii the basis of their 
judgment of needs. Scientific journals, mainly Russian but some 
Ohinese and J apanese, were translated cover to cover; a few were pub- 
lished with a selection of tlio more significant articles in a particular 
field. The professional societies engaged their own translators in a 
few instances but relied for the most part on commercial translation 
organizations for the actual translation as well as the printing and 
binding of the translated journal* A complementary translation activ- 
ity consisted- of contracts for translation services with organizations 
in a few foreign countries (Poland, Yugoslavia, Israel) In which excess 
local currencies had accrued to the credit of the United States under 
the provision of Public Law 480. The Foundation’s appropriations 
permitted acquiring these currencies, and securing contracted transla- 
tion and related services on behalf of agencies of the Federal Govern- 
ment, ' • v ■ ' i. , /". ‘ ' 

Support for publications-- -This involved recurrent require- 
mentfor financial ; assistance to scientists and scientific societies 
for the pubhcation of monographs. Thfee were works of high 
scientific merit that showed no profit potential to enlist the in- 
terest of commercial publishers. The further requirement for 
support of scientific journals that neMed to pull out of a deficit 
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situation or whose inauguration was beyond dispute was also in- 
volyed. Support for journals played a relatively small role. The 
major portion of funds supported publication of scientific mono- 
graphs in a wide Tange of scientific disciplines: 

The third category of support in 1963 was for support of operational 
services. Deficit support was extended to some of the more significant 
information services providing abstracting and indexing of the cur- 
rent and retrospective scientific literature. Some of our funds sup- 
ported experiments m innovative service. Our support was enjoyed 
' , . na J or disciplines, including biology, chemistry, mathematics, 
earth sciences, the social sciences, and engineering. 

Another category of support in 1963 was for research and studies, 
l Ins is the area which described the future outlook for the field of 
science information. Studies in 1963 focused on the communication 
behavior of scientists and engineers, on methods for evaluating per- 
formance of information systems, and on theoretical foundations for 
indexing and organizing information for effective retrieval. This 
area also included support for mechanical translation, which was fur- 
ther redefined as automatic language processing, and eventually termed 
computational linguistics. Support for research and studies was do- 
irtaSSST 1 understanding in order to provide the bate 

t,ie support in 1963 was for prototype systems. A small 
r P supported that may be described as prototype systems. These 
innovative systems that departed from traditional ap- 
proaches. They^ served the dual purpose of testing innovations and 

if-omn!. 1 JeC ! f oi: ® x Pci>incntation where scientists as subjects 

became users of nontraditional approaches to information services. 

Programs and policies of the Foundation had undergone 
Thl8 ’ ^ ow ® ver ) did not apply across the board. 

^ support functions _ persisted because the requirements for such 
f 1 ^m^v+o Cn - la3 w' d ® ssen ^l 1 .v unchanged. Translation of important 
mS tS |' ln Russian, Chinese, Japanese, and other languages re- 
* ■ ® ont piued support because the lack of familiarity of American 
?o^^ t fn Wlth SUCh had not changed. The importance of 

foreign-] anguagev materi al had increased as had the interest of scien- 
tists m general for translations secured through both the domestic 
and the foreign currency program. Similarly, meritorious 
publications that were not commercially viable continued to require 
support. Support to operations of information services to the major 
disciplines also had to be continued. * P 

The key difference, however, was that support emphasis had shifted 
to system development. This shift was tied to the fact that the com- 
puter and other technologies were no longer a promise but an effective 
reality, liie implications of the new support pattern have been many : 
for information system development programs has been 
centered in the professional societies or organizations oriented to 
^ ~ - lscl pi me ® in science and engineering. 

^ network implications of such system development programs 
nave resulted^ m support to efforts designed to accommodate liai- 
SOJl. coonernf .ion _ _ - *_ j ■ 
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The machine-readable products of emerging information sys- 
tems imply the need for development of new capabilities as well 
as new services in the varied nodes of the emerging information 
network. 

Although research continues to be an indispensible adjunct to 
the broader developmental effort, its support has been refined : 

Research that is required as part of a specific effort in a given 
system development program is supported as part of that program. 
In these programs it is expected that developmental efforts will 
reveal research requirements rather than that research will reveal 
fruitful developmental avenues. 

Research that cuts across developmental programs is supported 
independently and includes support for advanced research of an 
applied character for future exploitation. 

Undirected research of a more fundamental kind is also sup- 
ported. This support takes two forms: (1) the project support 
form, characterized as research of opportunity involving consid- 
erations of tli© merit of the proposal and the capability of the 
investigator, and (2) the support of research centers at universi- 
ties where research is interdisciplinary, and graduate student 
training is stressed. An important feature of these research centers 
is association with an operating information system to insure that 
the centers’ activities are relevant to significant problems. Two 
such centers, one at the Georgia Institute of Technology, and 
another at Ohio State University, are presently operational. 

The need for support of system development programs has conse- 
quences which need to be mentioned* 

Unlike the typical research project, a developmental program has 
built into it considerably more financial requirements. The typical 
developmental program comprises activities that yield a system con- 
cept, program definition, system design, steps leading to acquisition 
of the system, capabilities necessary for its operation in terms of 
human and machine resources, and operational transition of the 
system. This sequence is subject to specific planning and checks on 
progress. The costs are likewise predictable and have a cyclic char- 
acter; with relatively modest startup requirements, costs mount as the 
definition efforts lead to design and then to acquisition stages, hold 
level or slightly decline at the point of operational transition, and 
then drop when steady State operation is reached. 

Characteristic of this pattern is the fact that the existing operating 
system which is to be superseded must be maintained in parallel 
with the developmental effort through to the transition to the new 
system* Such programs entail an important commitment on the par 
of both the organization^ devoting itself to the developmental effort 
and the Foundation providing financial assistance. Neither can afford 
to risk dislocation of the developmental plan by virtue of capricious 
budgeting ; both must accommodate to the realities of r the budget 
process, ; : . * •. • ■ . - . ■ _ ; ■ ; 

f ; ! v PRESENT POLICIES AND GUIDELINES , 

... £ . t , . ( ‘ , ,, .... * - i. : - * 

The changed circumstances of the past .5 or G years that I have 
described have been influenced, and ih. turn have influenced the policies 
and guidelines which govern the administration and program formu- 
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lation for science information activities in the Foundation. Borne of 
these have been touched upon in passing, but I believe it is useful to 
describe them as explicitly as possible. 

Our fundamental orientation is to the user or scientific and technical 
information, to the scientists and engineers who produce and use this 
information in the course of their research and other work. This 
emphasis was particularly highlighted by and, according to our view, 
was the single most important contribution of the Weinberg report. 
The policy that follows from this orientation is one of insuring that 
the user determines requirements, assesses system performance, ex- 
presses evaluative preferences among alternatives, and generally 
develops a responsible attitude with respect to scientific and technical 
information services. The orientation is opposed to seeking these 
functions among operators of information systems, Government 
officials, contractors with prospective solutions to system problems, 
entrepreneurs with plans for unburdening Government and so 
forth. All of the latter have their proper role, but the policy is one that 
seeks to focus responsibilities and decisions on the user— the scientist 
and engineer. 

In order to accomplish the goals of this policy, we encouraged the 
emergence of organizations that reflect the collective requirements and 
decisions of the u$ep community. The criteria that have been identified 
include: (1) Represantati veness— the organization must be repre- 
sentative of the scientists ‘and engineers in the discipline for which 
it is proposing to mount an information system program ; (2) responsi- 
bility — the organization must be i usponsible to the community which 
it represents, and this responsibility must be demonstrated rather than 
merely be asserted ; and (3) readiness- -the organization must be ready 
to undertake such a developmental program where readiness refers to 
organizational support, management , and technical capabilities. 

The same criteria have become operative in our exploratory program 
to develop university-centered sys': bins which may become integral 
parts of the developing network of informatiori systems. In the case 
of universities, it is the university administration rather than the 
library, or department, or computer center, that we see as the locus of 
responsibility and representativeness. 5 ; ! _ 

It must be granted that the state of readiness of societies to mount 
information system development programs is extremely variable. 
Happily, this third criterion 1 is one about which we have been able 
to do somethings We cannot create representativeness and responsi- 
bility— either they are or are not representative and responsible— -w© 
can do soniething by means of fiscal support to repair or enhance or 
improve the state of readiness. This has; been an important aspect of 
our program in support of system development. 

■■ 5 1 _ . ! i ^ ■ = ‘ . i y 5 . COORDIWAHON" -IK 1060 ’ ' 

Coordination, cooperation, intercommunication, compatibility, and 
networking of systems and between systems is still of concern. Our 
experience is that these collaborative efforts benefit when the perform- 
ing organizations themselves realize the need and importance of them. 
As the need becomes manifest^ we have provided support. The support 
is not exclusively financial, but has also consisted of contributions of 
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expertise from among our staff. To a degree we have helped in speeding 
the recognition, of the need. But we have been cautions about imposing 
our views ; lest by doing so we dilute the responsibility assumed by 
the organizations providing leadership and actively pursuing the 
necessary developmental, programs. 

In this connection, there is an increasing awareness that the in- 
formation systems operated by the agencies of the Federal Government 
in behalf of their agency missions have an influence and bearing on 
the developing discipline-oriented systems- Interagency coordination 
has become the central concern of the Committee on Scientific and 
Technical Information of the Federal Council for Science Technology, 
This Committee is closely linked to the operations of the Office of 
Science and Technology. The National Science Foundation lias agreed 
with the Office of Science and Technology on focusing its eoordi native 
responsibilities toward the information services outside of govern- 
ment. Its participation in the deliberations of the Committee on 
Scientific and Teclnficai Information provides a necessary, although 
not exclusive, link between the Government and the private sectors. I 
may also mention that the need for a continuing relationship to TJ.S. 
services has stimulated a number of -international governmental and 
nongovernmental organizations to consider suitable mechanisms for 
the development of international networks for scientific and technical 
information. Among these are the Organization for European Co- 
operation and Development, and the United Nations Educational, 
Scientific, and Cultural Organization which has joined forces with the 
International Council of Scientific Unions in planning the base for an 
international network of national information systems. 

UNRESOLVED POLICY ISSUES ? . ,> . 

We do not profess to have developed policies to meet all contingencies 
nor to have answers to all questions and problems. The increasing in- 
volvement of industry in providing commercial information services 
poses policy questions. W© will be assisted with these issues by the 
Science Information Council, established by title IX of the National 
Defense Education Act, This Council had had and continues to have 
forceful industry representation, s ’ ) : , 

Developing , v . information r systems, particularly- the discipline- 
oriented information services^ are moving into a pattern that entails 
computerized services involving distribution of tapes with informa- 
tion and d a ta. These will involve^ computer searches of varying lengths 
and complexity, direct exchanges between inquirer and central or 
remote h ^ inf ormation stores, and special services of many kinds. The 
economics of these new service patterns have not yet been tested. Nor 
is it well understood how one moves from the conventional publishing 
service which secures economic returns through the simple means of 
subscription arrangements to computer services of the complexity 
j ust enumerated. r\ r ; ' 

The trend among, the discipline-oriented information systems and 
services is tb deveiop what has been termed “wholesaler” capabilities. 
Their products will have a general utility to a wide audience! The needs 
of specialized group of scientists and engineers in subdisciplines, inter- 



31 

disciplinary teams, and so forth may have to be met by “retail” services, 
such as are being organized on university campus and by industry. 
Policies and mechanisms for support of these services will require 
continuing exploration. 

Another area of policy uncertainty derives from the uncertainties of 
future fiscal resources. In principle, all disciplines that receive research 
support from the foundation are eligible candidates for support for 
information system development. This assumes that the conditions 
with respect to the availability of a representative and responsible 
organization for the discipline are also met. The fact remains that 
present and foreseeable fiscal resources are insufficient to meet a situa- 
tion in which all candidates disciplines propose such development 
programs. ' > , „ 

FUTURE PROSPECTS 



Let me turn to a description of future lines of development, as I 
visualize them; 

Effective information systems for the major disciplines can be ex- 
pected to be operational within the next 10 years. 

Information systems in Federal agencies serving broad society - 
oriented missions, will be further developed and their number can rea- 
sonably be expected to increase. ' . 

Smaller information systems serving narrow discipline communi- 
ties as well as subdisciplines or interdisciplinary groups will emerge. 
One can anticipate a mixed setting for these systems. Some will be 
society-based; others may be located in universities, in Government 
agencies; and in private nonprofit as well as commercial organizations. 



the 

computer processing and interactive communication with information 
or data in computer memories, / = ? . f . I ^ 

The computer-processed information services will provide and, in- 
deed, will encourage reprocessing of information for special interest 
groups, for special purpose applications, and for increasingly individ- 
ualized services. _ ^ 

If present trends continue, we may find the university-centered in- 
formation system serving not only the campus community of scien- 
tists, engineers, and students; but also the community located in nearby 
industry. Some university -centered information services may play the 
role of regional information centers. v. -• .n* -v v- • 5 

The jemtipnship between discipline-, mission-, and special purpose- 
oriented information systems based in professional .societies, Govern- 
ment agencies, university campuses, and^ industry, will f provide con- 
st ant hressure ^ : 

Fressilre for .compatibility of machine-readable information prod- 
ucts. ' r5 ‘ ? ' ' " ‘ ■ -r/ Vi;; V V--f - V-^: Wuo.r,? ' i' m r 5 ^ 

Pressure for standardization on behalf of such compatibility. * 

Pressure for. progress ' * ~ 

ing, and disseimnatibh c 

and files become larger j — _ „ — — — _ T ^ . , 

grows. 
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THE NAHONAL SYSTEM 



The aggregate of the several systems that now exist, that are 
presently m the course of development, and that may be expected to 
emerge as a result of efforts still to be undertaken constitutes the na- 
tional information system. Its participants are and will be drawn from 
all sectors of our society and all will need a voice in its operation 
and management, 

I have tried to outline some of the steps we have already taken to 
encourage cooperation and coordination among the components of this 
national system. Of necessity , more efforts along these lines will be 
needed, and I welcome the contribution of these hearings in focusing 
attention on the particular issues and problems that will require solu- 
tion. And, Mr. Chairman, the next few words represent the consensus of 
the National Science Foundation and the Bureau of the Budget. I 
hope, however* that my remarks have reflected the belief that it would 
be neither practical nor desirable to centrally direct or manage pur 
national array of information services. Nor does it appear desirable 
at present to establish by legislation a formal national system. The 
constraints imposed by such a fomrnl system might well inhibit rather 
than assist the productive evolution of these services. 

I have not provided the many illustrative details of our operations, 
the activities of the organizations which we have supported, the con- 
sequences of those activities, the particular problems that were being 
pursued or the funds _ devoted to particular programs. These details, 
Mr. Chairman, have j^ust recently been presented to the Congress in 
the authorization hearings of this past March, I would ask permission 
to submit the statement prepared for those hearings in the record of 
these proceedings. 

Thank you, sir, 

(The statement follows :) 

Science Infobmation. Activities 



of.nf.bai. 

The Founds tion’is program for. Science luro muiti on provides for the informs- 
tarn requirements of this cqtmfcry’s community of scientists and engineers and 
ensures that -their inf ormatioh. services keep pace with the changing conditions 
under which the community porsmies its work. The program consists of four key 
support components: , - /uvr..; 



Information system development " ; • • • 

_ Crucial elements in 1 this type of airport are : securing an integration of in- 
formation functicms and services in each of the major scientific disciplines closely 
matched with the information iiequiretnents,^ ^ characteristic of each discipline ; ex- 
ploiting the actual available and 'advanced technology in order to ensure increased 
speed, selectivity, dependability, and efficiency of existing iservices as well as their 
expansion in scope of coverage and depth of 'penetmtioh ; and creating com- 
munication channels where none had praviously existed, 

Operaiidiidl for %te¥yic$s\ and publications r r 1 * 7 J 1 fr ’ » ■ 

_ asalstance is provided - at ^pointer of greatest need , where it will 

do the most good for scientists and engineers. The recipients of the Foundation’s 
support , are nonprofit information' and publication services in actual operation. 
The results of this support are effective services which would otherwise be 
marginal or nonexistent. 




Research and development 

^2 neer IL is advancing the technology in handling science 

information Just as the overall program is service oriented, the research eom- 
< ^“ 1 f antI y applications oriented. It funds studies of the changing in- 
formation requirements of scientists and engineers as well as research on orob- 
lams that emerge in the course of developing systems and des?m£l £ 

are Sii sup^Sd! ng re ^ ulreme nts- Basic research and advanced development 

International mf&rtnaiion and translation 

The international character of the scientific and technical activity entails 
r? TJtS iC f ti0n <77°^ tbe boundaries of geography and lan^age Sup^rt is 
f ° r parti ?P^i 0ri in the increasing 1 n terna ti on al c^pera or ts 
1° ^ prove .communication. The dominant activity provides for our scientists and 
engineers the published results of foreign research through acquisition of r>ub- 

Innl Zl A their : traMl “tion into English whef, the oHglnkl if in n 

guage with which American scientists and engineers are not familiar. 

WHY FEDERAL SUPPORT IS ESSENTIAL 

t ion'ihj voUr^f th^ r ^II o wi n g factors™ m Un 1 Cati ** S scientlflc and technical informo- 

TP^£inJS«ti °. f increase in the number of scientists and engineers. 
pubuShed >ntIal lncreaSe the amount of information, published and nn- 

essbng 1 *** Bpply coatly rapidly evolving technology to information proe- 

nctworkg PUlf!nt ^ THtion&l Panning of expensive systems and complex 

Need for cooperation, national and international. 

Between the years 1954 and 1966 the number of scientists and engineers him 

u™ t d o p £r n ,ir ch /r r >;' , th i 

WlA&OO in 1966. Scientific and technical journals have witnessed an 
even greater rate of increase. In I960, approximately 1,000,000 individual articles 
were published. Today the number of published articles approaches 2000 000 
The secondary Information services that abstract and index this literature have 
had to show a parallel growth (see Figure 1-1 which shows th^ growth If 
190^m0) iteratl " re aS reflected in abstracts publication records from 

q + 72? scientific and technical literature Is not confined to the United 

Published in m &ny countries and in languages not 
U gci ^ nfclSt8 ' ^P 0 ^ 11 * journals must be translated into English 
in order to serve our research needs. This literature must be acquired by indexing 

of Ehf s b iSvf^ ting ® €rvic f7?J ld hy librarIes in thIs country. The volume and cost 
of this effort requires outside assistance. ^ 

\ n l n a ° T x Br ^ €OVe growth, the organizations concerned with publish- 

wi 5 th ar fanizing and disseminating information have had to apply 
involving computers, microphotography, and related developments. 

, 5 ba ® been true for organizations engaged in providing nonprofit services 

to scientists and engineers, particularly universities and professional societies 
W ?* J a Jf C °^f TC { &l Commercial organizations have generally 

their own new technological requirements. The 
nonprofit organizations, on the other hand, subsist from dues paid by their 
membership and sale of specialized services. Their requirement for capital in- 
^ment for^ advanced hardware cannot be met ^from these sourced alone. 
Nonetheless their involvement In the evolution of scientific communication has 
given the professional societies and universities a special capability in the 
communication jmoc^s, which cannot be sacrificed save at the peril of diminish- 
ing the overall effectiveness of scientific communication in this country. Federal 
assistance to these organizations Is therefore necessary. 

. - the tbat expensive computer and related technology must 

be called upon to assist in the face of the explosion of the scientific and technical 
literature, the resulting systems must be designed and operated to effect the 
maximum eflJciency and economy. Growing specialization on the one hand and 
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Figure l-I 

GROWTH OF CHEMICAL LITERATURE 
AS REFLECTED BY CHEMICAL^BSTRACTS 



PUBLICATION RECORDS 

Thousands of Abstracts 





the Increasing interdisciplinary character of research on the other pose two 
”1?*? : ne T a ° 4 m0re responsive services for each discipline specialty; 
and the linking together of the resulting information systems; This linkage 
involves planning now to ensure the coherence of future developments. Planning 
*3 s * udies _ and research involving bringing together the managers 

^ government information services with those from the scientific societies 
e f’ and * nd ” s try. Since this is an effort not likely to be supported by 
commercial organizations, iederal support is necessary. 

THE FOTTjN DATTON SOLE 

^4,396,057 for the support of science information 
Esfc,ltta,te4 obligations were reduced to $11,000,000 dn FY 
1969, The $13,000,000 requested for FY 1970 will permit -essential support to 
ongoing system development and improvement efforts on the part of professional 
the , umjor and technical disciplines. It will permit a 

modest start to develop more effective information system planning and develop* 
meat in r univensi^^ environment It will permit-level support for operational 
and translation of foreign scientific information and 

of research and studies. long-range planning, with its valuable 
feedback to current management and programming will i also be continued. 

. . . r INFORMATION SYSTEM DEVEJA)PMENT 

The single lairgeht Investment and the largest amount of progress hare been 
n too development of an information system for chemistry and chemical engi- 
neering, Progress has u'lso been marked in other disciplines. Inttteittve has beSn 
teken '^explore the development requirements for university-eentered informa- 
ofthT^^n^ 1 °ii2 lls 'byactlviities designed to assist in the evolution 

Panning and developmental research 

_ . . ■ Discipline Oriented Systems 4 - * ■ 

Ghermstry " •••”'•• »■ - -v ■ ; : 5 ■ ■ i{ \ , . , . . . 

The h\>uridation^ support of an infonhalion system tor chemistry and cherni 
cal engineer! ng ^ .s tartetl i n the late 1950’s ’with a series of small grants to -the 
merican Chemical Society to initiate research oh chemical documentation and to 
develop computer-produced Indexes based on titles of chemical articles The work 
was performed by the Chemical Abstracts Services ( CAS ) , one of the operating 
Society. Support also was granted to bring the Chemical Abstracts 
indexing up to, data These preliminary efforts helped to 
tjtxnis attention on the heed to use mechanized techniques to support publication 
<>I>eriations for the cheinical literature which ivas graving at a 1 rate of about 9 
percent per year. ± ■* ■ * " ' ’■■■ '■•** • 1 “■ ■ -<•- ! ■; 5 *. ’ ■? ;« y ..= 

Computer technology is particularly applicable ' in chemistry because of the 
nature ofi structural diagrams which are the universal lnngi/age of chemists 
Sine® moat chemical literature is compound related, the unique identifleation'or 
il he natural indexing link. The promise inherent in this capability 
chemistry, f . the. properties,- and, the, activities of chem- 
all , b ® k r elated to a central registry of compounds. jUlttmately. ' the en- 
. l3to ” ng : ^carclnng and , retrieving inlk>hrniatlon, in this held could 

inado' had developed suitable techniques which 

tv,™ > aIo p ment of a large.eomputer registry of chemical struc- 

nw rworts^ derived from the current literature. The. Initial, contract with the 
American Chemical Society for, this, purpose was funded jointly by the Fotimhi- 

^^fare thi? 6fen8 ^ tb * ‘Health, Eaucatfori, and 

Vyelfare.^gince 1067, .this compound registry system has been maintained with 
suppprt;by the. i^undatipn .alone.,. it ■; . ; . v ‘ '“ ‘ w 

, „ As the registry system developed.Uieimiccptiif atotalcomputerlfohsW infor- 
luation system took form. The American Ohemi<iil Society information activities 
include, .meetings, and primary, journal publication as well as abstracting aiid 
indexing services-. All , of t hese , activities were threatened byrapldly increasing 
costs. The situation was .viewed in . the • following terms Presently' material 
must he handled many times by the author, editor, compositor, bibliographer, 
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abstractor, indexer, and repeated reviewers throughout the process Would it 
not be possible, by means of the computer which could store the information 
and which would require attention only to the changes, to effect significant 
economies through improved processing, reduction of man induced errors, and 
saving of work that was unchanged .from the Initial stages to the final ones? 
This indeed is the present plan of the American Chemical Society’^ information 
program, which the Foundation is supporting. 

The information program in chemistry has made good progress in adopting 
the techniques of one-time keyboarding of information and multiple-use of com- 
puterized data in the current conversion to a total computer base (see Figure 
1-2). Major goals are: 

Computer-controlled production of abstracts and indexes by 1071. 

Completed conversion of American Chemical Society journals to comput- 
erized production by 1974 

Operation of a world-wide input/output network for Vhmnieal Abstracts 



The promise of cooperation through the Organization of Economic Cooperation 
and Development and of bilateral arrangements with chemical societies in -the 
United Kingdom, Germany, and other European countries has provided the first 
steps towards the development of a worldwide network. National group? will 
process their own literature for merging with the American system. This will 
result in improved services and major savings for all participants. 

In FY 1968, the Foundation obligated $4,236,143 for the support of develop- 
ment of a chemical information system; and $2,600,000 in FY 1969, The esti- 
mated obligation for FY 1970 is $3,000,000. The planning in FY 1967 and FY 
1968 anticipated a higher obligation level in the present and the next fiscal year* 
The lower levels presently estimated have required a lengthening of the develop- 
mental process. 

Support for the overall program has been shared by the Foundation, the Ameri- 
can Chemical Society, and the chemical industry. Experience in chemical informa- 
tion processing at E. I. duFont de Nemours and Co., Inc, has been made available 
to the Chemical Abstracts Service. Computer manufacturers have cooperated 
in developing special purpose equipment. The National Library of Medicine 
and the Food and Drug Administration have worked with Chemical Abstracts 
Service 'to develop a mechanized link, between the chemical and health oriented 
systems. Company information groups in the pharmaceutical and polymer in- 
dustries have cooperated in special projects with CAS to measure j how well 
experimental services meet their specialized information requirements. Feedback 
from such projects Is invaluable in defining immediate goals for the developing 
system,'/:. - - ' V.. . - ' . ' /• 

The American Chemical Society has begun to reorganize its administrative 
structure in order to assure its capability to manage a complex and developing 
system as , contrasted to the management of several autonomous services. The 
Society is also participating in the development of information handling stand- 
ards in. cooperation with organizations similarly concerned with system develop- 
ment in physics, engineering, biology, research libraries, and comparable systems 
abroad. ... !* rs / V \V/. "" 

Other Discipline Programs i = . .. 

The status of information system development in scientific disciplines other 
thariehemistryissummarized in FigureF-3, - ( ' /. ■; .■ 

Following the example of the American ; Chemical Society, several other dis- 
ciplines are now organizing comprehensive programs of system development. 
In the fields of physics and astronomy; psychology, and linguistics basic system 
concepts now have the general acceptance of their communities. In each of 
these fields, a single prganizatioh has beeh identified as responsible for defining 
a program that will translate the concept into reality. . : : • - : ■ . 

The concept of a ! National Physics Information System (see Figure 1=4) is 
typical. The coverage of this system will embrace all branches of physics and 
astronomy. Its input will include English-language manuscripts submitted by 
scientlsts-q uthors, scientific publications : ( as contrasted ** to manuscripts) in 
English; arid other language**', as well as r such material as paterttsand technical 
reports. The system will also accept, bibliographic information ( abstracts and 
index data )iri couipn ter-ma n ipul a ble form from cooperating inform a Won systems 
in other disciplines or specialized services in physics and astronomy. 



by 1974. 




Figure 1-2 
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H lpl pateriais will be subjected, as appropriate, to the processes of transla- 
f valua . t 1 I °^» bibliographic organization, storage, search, and re- 
^f ble to refer lts usars to other information sources as 
1 i WlU ,f ff °^ d l to acc<3BS to har<1 eopy. microform, and machine- 

i loca i 1 1 y , at and eventually at remote centers via electronic 
linkage. Services will be provided to scientists and engineers in industry, Govern- 
ment, and universities, 

d H ipl i5 e ® are l€SS advanced on the road to securing effective 
3 ^ n ^ the fleld of mathematics progress in achieving commu- 
nity acceptance ar ? irLformatio n system concept has been noted. In the raiviron- 
^ eolo ^ r * atmospheric science, oceanography) serious efforts have 
been undertaken to consolidate community interest. The strategy for the engi- 
sll Pl* } rt a preliminary study of system requirements upon 
hy industry^ 11 ^^ 1166 ^ 0 ^ soc ^ e ^- es can base an implementation program supported 

Development of several independent capabilities (as distinguished from a 
fi « 1 V° mpr i“f-^ € *.^ atem) is beiner ^Ported in the life sciences since there 
can rapreset the entire community. Coordination or con- 
solidation of independent efforts may follow. A similar condition exists in the 
social sciences. 

University+oentered ay stems 

^h T E lI i 8 i >r0 f rain ls l n lts laitial stages and can be described by summarizing 
© kin^ ^ proposals receiv^ to date. These requests fall into three categories : 
Systems oriented toward scientific disciplines 6 

Systems oriented toward an interdiciplinary area 
System approach to library modernization and improvement 
The first of these provides a major link with the discipline-oriented svstems 
th % as a whole (e.g., the phyaics ^nforma«or4trS 

system under development at Stanford University) as well as with Federal in- 
formation services and those in adjacent industries (see Figure 1-5) . Interdisci- 
plinary systems, centered in the university, are proposed for a nationwide and 
UfcS J°networks, C] “**** entail automation and support for 

tr/ioko V* c . urr 7 f nt ]v exploratory in nature. Obligations in FY 1968 and 

P rinci P. all y _ focused on the third category for the benefit of scien- 
see^in2 d fo^r^H “SF 1 % the traditi oual library, and for the benefit of librarians 
SsmXnn f ex Z ic SL to scientists -and engineers. Approximately 

c^terad Sterns deV ° ted to furthe rtng efforts toward developing university- 

Naticnal System Planning 

- The Office of Science and Technology has the overview for the entire Federal 
k rt« etiV l t e i“ selenUfi< ‘ information. The Foundation has been requested 

°f. , Scien ce and Technology, to support a broad planning and study 
ln%tZrt™tT ¥*5? the individual Federal programs, and the programs 

l *: “f < ' tor including those of industry, universities, unci professional 
tioS s^st^ms rtlCS and orSrar, zations ’ lnt0 a unified whole, a network of informa- 

Specifically, the efforts are directed at developing design criteria technical 
requirements, and minimum compatability standards for national systems ; de- 
veloping means for assessing the value and costs of alternative Information 
systems ; identifying overlap and gaps in coverage on the part of the several 
^em^identwylngandassisting in the development of new means for informa- 
tion storage, retrieval and dissemination ; and overall, developing the information 
base required for policy on national science information systems and networks 
. * addition, support is provided for studies and research directed at the solu- 
tion of long-term science information problems. This effort ranges from funda- 
mental research to sophisticated hardware utilization studies and includes nro- 
planning, and deveoipment of experimental prototype services aimed 
a * advatulng tfie state-of-the-art or exploiting innovative technology. In contrast 

18 dir «*ed to specific problems in onler to develop 
and evaluate the feasibility of a specific solution, ^ 

Examples of the planning and study effort are : 
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re^rtin , Bs yS fem.° VerMn,ent ' W,de sclentifle “« d technical research project 
inacWmflal'S^"’ lnterchnn8e of scientiflc and technical information in 
. „ £ stl,d .y of Pose charges for the publication of scientific papers 
o^^. ? rthy v., elnmP , Ie <>feXp,<>rafc0r y research supported in ordS‘ to -anticipate 
pro ‘ ) t ' rn ! °£ the next decade is Project INTREX ( Wformation TRans- 
f= nS^ p6r i I ^ ent J ’ a i tho Massachusetts Institute of Technology (M.I.T. ) which 
uv,.,?. 4 ” , S" t ,r , ovW *‘ results on which to base the design of future libraries 

^ e project involves remote access to a computer-stored catalog that provides 
uch more information than, one is accustomed to receive from the trad! tional 
library catalog. It. includes innovative experiments in ,p TO viddnVextaemSr^ ^ ™Sfd 
acce^ to toe text of toe book or Journal article, following r^oSfcaS^alolue 
^Slguestlo q n U,rer 1Uld “ e C °“ PUter 1,1 ^dcr to relove LtS^from fhe 

In II $964,808 was obligated. In toe category of National Systems Plan- 
following was obligated : in FT 1969, $600,000, and FY 1970 $1 000 000 
in^ST fU,ldS f ° r Pr0jeCt INTREX > ^ich was funJed f«!w?y^ 

OPERATIONAL SUPPORT FOR PUBLICATIONS AND SERVICES 

romilo^n?- datl0 " S f sup P°, r<: ls designed to assist scientists, through their 
rf n[d crlv?>f ?,? C1 f£ 1C ' s , a f i a organisations, to keep up with the continuous and 
lapid growth In the volume of information which must be published and 
rrSflf- 1 " the past ten years assistance has been provided to more than 
60 .scientific journals to eliminate publication backlogs. Twelve new ionrnnls 
^ fleI 1 S * ave been established in order to mee^JmllentliS 
Overall, journals have been helped to reach new operating levels and then 
a L C f n in -!5i 10 ? e J? without further financial assistance. During this 
SIS? monQ ST‘ a r»hs (books) in all scientific disciplines have 

Y- ith F' oundation kelp. Since 1958, a total of $5412,000 has been 
assistl ”f Journals, monographs, and services which would otherwise 
rommSnFty^^^ W ° uld haVe to the loss of the scientific 

Another aspect of this program is the support of abstracting and indexing 
^.nd oonbuing bibliographic services for the fields of science and 
engineering. As previously indicated these are the services that are presently 
engaged in an effort to develop automated systems. Previous to such undertakings 
pres ? llref | which have tended to raise operational costs limited the 
of f ^ ^ keep up with increasing requirements for diversification 

^ FVl f e » for expansion of coverage of the growing literature, and for more 
rapid releoiseof information. Since 1958, the Foundation has obligated $12,522 000 
or the support of these services. As a result, the major abstracting and indexing 
services Imve^een able to expand their operational capabilities and literature 
coverage by SO to 200 percent (see Figure 1-6) . Such 

Biological Abstracts, Chemical Abstracts, Engineering Index, and 
Metal Abstracts, once helped under this program are now able to maintain 
themseives in the black without subsidy from the Government. Foundation sup- 
po t is predicated on planning by the particular sendee to reach a level of 

of Tl° 200 /“ Khi £? 70, th V, FolindnU011 support in the amount 

of $1,200,000, of which two-thirds would support abstracting and indexing serv- 
ices and one-third would support all other publications and servicos 

Science Information Exchange 

r»muv : ScIenc . e Information Exchange (8IE), in toe Smithsonian Institution 
requites special mention as one of the information services supported by the 
Foundation. The SIE is now twenty years old, was Initially supported "by a 
Fefl eral agencies but has depended solely mi the Foundation for the 
past five years. The change to single-agency funding omnmeneed in FY 1965 
upon the recommendation of the Federal Council for Seance and Technology 
The primary mission of the SIE is to assist Government agencies in ad- 
ministering neseareh grants and contracts by maintaining an inventory of on- 

fronf FldTrnl h fl^nM etS ‘ SIE ^^notifications of research projects in progress 
Federal agencies as well as from foundations, universities, and other non- 
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Federal organizations. Each notification consists of a description of the research 
and indicates the principal investigator, where the work is performed, who 
supports it, the funding level, and the duration of the project. 

This information is processed into a computerized data bank which enables 
the SIE to provide a number of different services. When requested by a Federal 
research administrator, the' SIE can provide information about research projects 
in its file pertaining to a particular subject (see Figure 1-7), information 
about research projects in which an individual scientist is engaged and listings 
0 f research projects j^rtaining to a broad subject field, e.g., Water Resotirces 
Research Catalog. SIE can also provide “Administrative Compilations” which 
list Federal awards to an individual institution, projects reported by a given 
agency, research performed on a given subject at a given location, and similar 
variations. In FT 1069, the support level for SIE was reduced from $2,000,000 
to $1,800,000 on the basis of streamlining and automation of operations, and the 
introduction of service fees to all SIE users. The $1,600,000 requested for SIE 
support in FY 1970 reflects a continuation of this trend. 

RESEARCH AND DEVELOPMENT 



This program Is oriented toward the support of basic and applied research, 
and evaluative studies in science information. The aims are : 

To define the scope and character of science information problems by 
investigating the processes of communication in the sciences and the utility 
to scientists and engineers of existing and proposed information services. 

To stimulate 'and support research essential to the development of better 
methods of handling large volumes of scientific and technical information. 

To investigate the possibility of adapting or devising new ideas, concepts, 
methods, techniques, equipment and systems to the solution of science in- 
formation problems. 

To encourage utilization of proven techniques and devices of innovative 
character which contribute to the development of diseipline-ori anted, multi- 
disciplinary, and university “Centered information systems or for use in 
information systems and services provided by the Federal Government, 

The program comprises two categories : individual research or study projects 
focused generally on a single problem ; the support of science information re- 
search centers. 

Research Projects 

pri, marry emphasis is on the support of individual projects by highly qualified 
investigators. Typical examples are : 

Studies aimed at determining the nature of scientists* and engineers* in- 
formation needs and the manner in which those needs are currently met as 
well as the relation between the use of information and ultimate perform- 
ance in research and development projects, 

. Experimentation in indexing, involving computer applications, to deter- 
mine whether the content of Indexed material is better Tepresened by indi- 
vidual words or by phrases automatically selected out of context. 

Development of measures and measurements criteria for the evaluation 
of 'the various functions of document retrieval systems in order to provide an 
objective method for determining the efifreieney and utility of new develop- 
ments and applications. 

Research Centers 



Support of science information research centers began in FY 1965. _ It is 
aimed at concentrating both human and financial resources for research in sci- 
ence information within an environment that attracts capable scientists from 
a number of needed disciplines such as information science, behavioral science, 
economics, and management. The university provides this environment and ful- 
fills the vital role of training a new generation of information scientists who can 
apply their research talent to the operational problems present in the university 
setting (see Figure 1-8). 

The Foundation now supports two centers, one at Ohio State University and 
another at the Georgia Institute of Technology. Both Institutions possess the key 
elements of the Ideal research center— interdisciplinary research, graduate ed- 
ucation In information science, and operational problems. The center at Georgia 
Institute of Technology has formulated a broad program of theoretical research 
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closely linked to a graduate degree program in information science. The Insti- 
tute’s library provides a strong role, actively proceeding with automation and 
mechanization and providing an operational environment for the research pro* 
gram. The center at Ohio State University has an excellent staff and has a close 
working relationship with tlie university's computer science center. This jpro- 
gram also entails joint research with the Battelle Memorial Institute and with 
the Chemical Abstracts Service, both neighboring organizations. 

Of the $900,000 requested for FY 1970, $300,000 will be used to support in- 
dividual research projects. The remaining $600,000 is required for continued sup* 
port of the research centers at Ohio State University and the Georgia Institute of 
Technology. 

INTERNATIONAL INFORMATION AND TRANSLATION 

One-lialf of the world’s scientific and technological literature is published 
in languages unfamiliar to 05 percent of our scientists and engineers (see Figure 
1 - 9 ), The Foundation has developed two complementary translation activities 
toward making this literature available and usable by Americans : 

Domestic translation — accomplished in the United States, 

Foreign translation— accomplished in foreign countries through contrac- 
tors, utilizing foreign currencies. 

JDomestio Translation 

The Foundation supports professional and scientific societies in the United 
States for the translation and publication of primary foreign scientific literature 
which contain results of current research. Since the inception of this program in 
1952, 66 journals and a number of books have been translated to a total of 
670,000 IDnglish pages. Thirty-four of these journals are now being published 
without Foundation support and 14 of the remaining 32 are expected to become 
self-sufficient. The total cumulative production of these journals is nearly one 
million pages (see Figure 1-10). - . 

Translation projects are proposed to the Foundation by scientific and profes- 
sional societies on the basis of expressed needs of their membership. The. actual 
translation is accomplished by the societies’ professional staffs or by means of a 
subcontract with a commercial translation firm. The translanted product is sold 
by subscription at a price considerably higher than for the average scientific 
journal. Subscriptions are also sold to other countries. 

In FY 1970 twenty journals will require continued Foundation support. New 
journals can he subsidized only as older ones become self-sufficient. 

Foreign Trcmslation 

Foreign translation activities are accomplished through contracts with 

scientific institutions in nine foreign countries utilizing local currencies which 
have accumulated to the credit of the U.S. Goyerment. The Foundation’s ap- 
propriations each year have authorized the obligation of $1,000,000 for these trans- 
lation activities. The Foundation manages the foreign translation requirements 
of other agencies. Funds are transferred from these agencies. During the ten 
years of this program, the Foundation has allocated $8,703,000 and transfers 
from other agencies have added $5,886,000 in . foreign currency equivalents. 

Contracts have been arranged in Israel, 'Poland, Yugoslovia, India, Tunisia, 
Pakistan, Ceylon, Burma, and the United Arab Republic. (Contract negotiations 
with the United Arab Republic were suspended because of the Arab-Israel war.) 
Translation of foreign journals and books is the principal activity. Other services 
procured include preparation of abstracts, digests, critical reviews, compilation of 
annotated bibliographies, and preparation of guides to foreign scientific insti- 
tutions and information services, see Figure I-il), These services have provided 
over 500,000 pages of foreign scientific patents, the preparation of 45,000 abstracts 
and digests, and more than 100 bibliographies ( see Figure 1-12 ). 

As contrasted to the domestic translation activity, which responds to require- 
ments of our scientific community expressed through scientific and professional 
societies, the foreign procurement effort responds to requirements of other 
agencies of the Federal government. In both instances, the value of the programs 
have elicited numerous testimonials with specific examples of how time, talent, 
and fiscal resources have been conserved through the availability and 
utilization of these services. One of the more dramatic examples concerns 
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SPECfAL FOREIGN CURRENCY SCIENCE INFORMATION PROGRAM 
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the translation of 'a Russian research report on hail suppression in the Caucasus 
in 1865 {Findings of the Caucasus Anti-Hail Expedition, by Q, K, Sulakvelidze) 
which made available a blueprint for a specific test in this field. If the Russians 
model proves to be valid for hailstorms in the United States, it is anticipated that 
at least five years of exploratory research and $20,000,000 will have been saved. 

The FY 1970 requirement for foreign translation is $1,400,000. Domestic trans- 
lation will require $500,000 and the foreign activity will require $800,000, Each 
amount will be used for supporting and procuring high priority translations 
for the benefit of Amercan scientists and engineers. 

Authorization for excess foreign currencies 

An authorization of $2,000,000 in excess foreign currencies is requested in 
order to obtain valuable foreign scientific translations from those countries 
where the use of excess currencies is authorized. 

International Participation 

i The central aud critical role of information to scientific and technical prog- 

ress Is not unique to the United States. Most technically advanced countries 
have recognized the need to increase their capacities for the organization and 
improved communication of scientific and technical information. Our own pro- 
fessional societies and Federal agencies have found it necessary to develop a 
cooperative posture vis-a-vis other countries for the sake of economy and effec- 
tive development The resulting pattern of cooperation and interaction takes 
many forms, ranging from bilateral exchanges of information and cooperation 
to organized programs in international organizations both governmental and 
non-go vern men tab 

To foster international science information exchange, the Foundation sup- 
ports the Abstracting Board and the Committee on Data for Science and 
Technology of the International Council of Scientific Unions, the International 
Federation of Documentation, the Pacific Science Association, and The In- 
ternational Federation of Documentation. The funds in support of these orga- 
nizations are less than $100,000 per annum. Valuable assistance is provided, by 
the staff of the Foundation in the work of these organizations either directly 
or through advice to other American participants. Organizations as the Orga- 
nization for Economic Cooperation and Development; the U.N. Educational, 
Scientific and Cultural Organization ; the International Organization for Stand- 
ardization ; and the International Council of Scientific Unions, are initiating 
programs involving international communication networks and standardization 
of procedures for compatible information processing systems. American lead- 
ership is necessary for the success of these efforts and to assure that the sys- 
tems and services that emerge from these efforts are compatible and of value 
to our science and technology. 

Other International Activities 

The Foundation also supports the acquisition of difficult-to-obtain scientific 
materials and the preparation and publication of guides and directories that 
provide U,S. scientists and engineers with information on organizations, indi- 
viduals, policies and information resources in other countries (see Figure 1=13). 
Support Is based on demonstrated need that cannot be satisfied through private 
efforts. Plans for FI 1970 are limited to updating guides and directories of 
demonstrated utility produced in the past but now no longer current 

The requirement for FY 1970 of $300,000 for international activities, exclu- 
sive of translations, is an increase of $100,000 over the obligations planned in 
FY 1969. These funds entail no new starts. 

eibebal-private and international relation ships 

The interaction between the two sectors is extremely complex. Numerous 
Government agencies are charged by law to provide information services to the 
general public in order that the public can benefit from Federal efforts in medical 
and health research, from technological developments resulting from defense, 
space, and agricultural research and development, and from work in the fields 
of air pollution, water resources, etc. The Federal information services cannot 
be completely independent of the scientific and techn ical research accomplished 
in the private sector and disclosed by the information services organized to 



54 



serve scientists and engineers in universities and in industry. Tlie eventual inter- 
connection of these services is a function of this interdependence, but requires 
enormous efforts to effect standardization and compatibility of developing systems 
and in new computerized information processing. These efforts must seek a 
balance between the missions and purposes of the particular system vs. loss 
of autonomy and. self-determination necessary in order to achieve standardization 
and interconnection. The mechanism for the achievement of this interconnec- 
tion, looking toward national networks of the major information systems, is 
still in its formative stages, depending chiefly on a complex interaction between 
numerous government agencies and committees. 

A similar problem exists on the international scene. Science information prob- 
lems are not unique to the United States. The several international organizations 
previously mentioned are initiating programs to effect the emergence of inter- 
national networks for the exchange of scientific and technical information. Na- 
tional self-interest all too frequently is set against the free and open interchange 
of information. Language differences, accentuated by national pride, complicate 
this problem. Variations in science policy afford further complications in a 
raipidiy changing field. The problem for the United State is less a matter of 
expenditure of funds than of developing its own policies in a manner that permits 
effective representation in the international arena. Present representation is 
characterized by diverse, uncoordinated, duplicative and exploratory activities. 
A positive and integrated approach by U.S. representatives on the international 
scene will contribute immensely to general progress and to the particular benefit 
of U.S. science and technology. 

FUTURE PROSPECTS •!’ ■ • 

The long-range prospects for science information and its dissemination depend 
on (the technological advances and innovations in the broad field of communica- 
tion. Adaptation of these advances to the activities involved in the processing 
and exchange of scientific information will result from efforts supported by the 
Government as well as by the private sector. Developments as now Anticipated 
describe the objectives of thp Foundation's long-range program : 

Development of effective and efficient information systems to serve all 
fields of science and engineering. 

Development of specii ' purpose information systems and services for the 
research community centered in the nation’s universities. v ,- 

Development of coherent connections among these systems. 

Development of a flexible network of information systems in the United 
States which rttn utilize and exchange scientific and technical information 
with similar systems under development in other nations. 

This program anticipates the present trends will continue and lead to the 
creation of immense files of information, and data, which will be manipulated 
by computers, and which will permit^ retrieval of information for specialized 
purposes. The research libraries which \ serve the universities’ scientists and 
students will be geared up to achie ve a presently backing capability to connect 
with and to exploit the data bases created and maintained by the discipline- 
oriented information systems, and will increasingly serve adjacent institutions 
of higher education as well as research and development projects in local 
industry. The development of the indicated networks and their interconnection 
can be anticipated as an evolutionary process. The communication technology 
is not a limiting factor because the present facilities, including microwave 
relays, and even satellite communication, can' all serve in principle. Before 
these facilities can be effectively utilized a number of technical, managerial, 
and economic problems must be solved. These include the problem of the best 
way to organize large computer files so that they can be searched rapidly, 
reliably, and economically ; the programming and economical organization of 
computerized systems with multiple access on a real time basis ; the develop- 
ment of effective standards at all stages of processing information for utiliza- 
tion in these complex systems and in order that data in one file or In 
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system can be merged with or used by another; and the evolution * ^jonal 
plan for assigning financial and functional responsibilities for maintain g 
and administering the information systems and their data bases in a manner 
that optimizes the economic requirements and the needs of the scientists and 
engineers who depend on them for information. . . — _ • , 

The program we have outlined above cannot depend exclusively upon Federal 
funding nor, by virtue of its evolutionary character, can it be designed in 
special detail now. Its value lies in providing goals which are 
challenging, so that our immediate programs can be shaped in a p 
that will ensure their future usefulness to the nation s community of scientists 
and engineers. ! . 

Mr. Pucinski. Thank you very much, Dr. Adkinson. 

When was your agency established, Dr. Adkinson ? 

Dr. Adkinson. The National Science Foundation itself was estab- 
lished in 1950 and became operational in 1951. 

Mr. Pucinski. When did you take over as Director? 

Dr Adkinson. I took over as Director of the Office of Scientific 
Information in December of 1957. The Office of Science Information 
Service was not established until a year later. 

Mr. Pucinski. You became Director in 1958? 

Dr. Adkinson. Yes. 

Mr. Pucinski. That was 11 years ago? 

Dr. Adkinson. Hight. < ; 

Mr. Pucinski. Do you have the total expenditures for your agency 

in ’’the' 11 years? ‘ ‘ T \ 

’ 'Dr Adkinson . 1 No, I do not have, but I could furnish. it. 

Mr. Pucinski. What do you think it was? What is your annual 

D?. ' Adkinson. Are you speaking now of the Office of Science 
In formation Service or the^ Foundation in total ? 

Mr. Pucinski. Just the Science Information Service, 
r Dr. Adkinson. The total over tliat periody I would guess, is some- 
where between $50 arid s $100 million! > • * > - ‘ 1 1 ' . ‘ * ;. y ; 

Mr. Bell. Y ou asked for the budget for the' year. V). . . 

Mr. Pucinski. What is the budget for 1 year ? i - .... * 

Dr. Adkinson. My budget for 1 year ranges-- for this year n is 

$11 million- .• • : v : ' _ v ' i ' 

Mr. Pucinski. For Science Information Services ! # , ; 

Dr. Adkinson: F or next year the request is for $13 millidri. _ 

Mr. Puncinski. So I understand correctly in my own mind, the C_)t- 
fice of Science Information Services is an adjunct of the National 



Science Foundation? : ; v ; “ .> 

Dr: Adkinson; Part of it; yes, sir. ~ ... ~ 

Mri Pucinski. You .do riot operate / the National ocience Found a- 
tion/the National Sciendfe Foundation operates_you ? 

Dr, Adkinson. That is correct. My office funds represent roughly Z 
to 3 percent of the Foundation’s funds. , , 

Mr. Pucinski; Arid you have in the last 10 years or thereabouts 
received somewhere in the vicinity of $100 million for youf agency 
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Dr. Adkinson. That is right. 

Mr. Pucinsiu:. Do you have a science information retrieval system 
or any science information retrieval system now in the Science In- 
formation Service ? 

Dr. Adkinson. We do not have, sir. Our main purpose has been to 
fund organizations that do have those systems or w^ntto develop them. 

Mr. PrrcmsKX Now the act which established your agency, accord- 
ing to your testimony, was designed to foster the interchange of sci- 
entific information among scientists in the United States and foreign 
countries. Would you give this committee a list of all the contracts 
that your Science Information Service has entered into with scientists 
in the United States and in foreign countries in developing an inter- 
change of scientific information ? 

Dr. Adkunson. May I ask a question here, so I am perfectly clear 
what you would like to have ? 

You used the word “contract.” Are you asking for both contracts 
and grants ? 

Mr. PtjOttsrszEsii. I am asking for contracts and grants. 

Mr. Adkistsost. And over what period of time— — 

Mr. PtJCiKSKi. In other words, what have you done in the last 6 
years to foster the interchange of scientific information among scien- 
tists in this country and in foreign countries ? 

Dr. Adkiistsost. There are several, sir. I mentioned one and stressed 
it in my testimony : namely, translations which has proven to be very, 
very useful. I could give you several instances of where this has saved 
the United States money, where it has - given us new techniques that 
we are using in industry as well as in research. We also make avail- 
able funds for the. support of travel for scientists to international 
meetings. " ..... . ^ .. A , ■ : 

Mr. Pucm&HX You have paid for travel of scientists to meetings ? 

Dr. Adkinsoh. The National Science Foundation, roughly, supports 
over 700 scientists to attend international meetings every year. 

Mr. PtrcmsKi. Would you give us a list of those ? - v ; . t ’ { : 

Dr. Adkinson. Of the people ? 

Mr. Ptjcinskx Yes. Ana where they went and what meetings they 
attended. • ■ 

Dr. Adkinson. We will try to do that, sir. I think we have that 
record. . - : .-v. ; ; ...... . ; 

(The information follows:) • t ; 

The listing that follows (represents grants made by the National Science Foun- 
dation in Fiscal Year 1968 in support of international scientific exchange and 
travel to meetings. This list has been published in National Science Foundation 
Grants and Awards (Washington, U.S. Government Printing Office, 1968, NSF 
69-2, p. 158—171 ) . 

It may be noted that the grants and awards include support both to indi- 
viduals and to organizations. Block grants to organizations support the travel 
of several American scientists from different institutions in the United States 
to the. meeting specified in the title of the award. 
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INTERNATIONAL SCIENTIFIC INFORMATION EXCHANGE (TRAVEL) 



Individual Awards 

Forbes, Robert 8. ; VIII Conference on Ex- 
perimental and Technical Mineralogy and 
Petrography in Novosibirsk* U.S.S.R. * June 1 0— 
H 1968 (A004607) ; 6 months ; $1,055 

Anderson, Don R. ; NATO Advanced Study 
Institute on Paleogeophysics* Newcastle-Upon- 
Tyne* England * April 1-6, 1968 (GZ1007) ; 6 
months ; $570 ^ , 

Hanks, Thomas C. ; NATO Advanced Study 
Institute on Paleo geophysics, Newcastle-Upon- 
Tyne, England* April i-6, 1968 (GZ1008) J 
6 months ; $500 



African Stcmbs Association 

Irwin, Graham W. ; Travel for Americans 
To Attend Second International Congress of 
Africanists * Makar* Senegal* December 11-20, 
1967 (081881) ; 12 months ; $2,500 
Ame-'bican Society — Chemical Ab- 

stkacts Skryicb 

Tate* Fred A. ; The Chemical Society {Lon- 
don) Conference on Mechanized Scientific In- 
formation Services * Durham * England , Sep- 
tember 22-2 i, 1967 (GN089) ; 8 months ; $464 

Stebangh, Robert B. ; Annual Meeting of the 
Belgian Chemical Society* Brussels* Belgium, 
March £1-82 and the Joint Meeting of the 
iJhemic al Society/ Institute of Chemistry of 
Ireland and the Royal Institute of Chemistry, 
Dublin, Ireland , April 1-5, 1968 (GN739) ; 6 



months ; $516 

AnzeSmO, Frank D. ; The OECD Chemical 
Information Parnl Meeting in Paris, France* 
Affrtl 18-19* 1968 (GN755) ; 6 months; $500 
Tate, Fred A.; The OECD Chemical Infor- 
mation Panel Meeting In Paris, France, April 
18-19, 1968 (GN756), 6 months; $500 
American Geological Institute 

Hoover, Linn ; Twenty-Third International 
Geological Congress and (Sixth International 
Mineralogical Association*, Prague, Czecho- 
slovakia, August 19~&€jitember 9* 1968 

< A001565) ; 12 months ; $11,000 

AMERICAN GEOPHYSICAL UNION ' ’ 

Smiths Waldo B. ; Fourteenth General As- 
sembly of the International Union: of Geod esy 
and Geophysics, St. Gall* Switzerland, Sep- 
iembe* 25-Ootober 7/ 1967 (A0805 008*) ; 

$15,000 /;V:'T ■ . W&X-'i-l'. 

American Institute or Physics , v -„. 

Koch, H. William; Thirty -Fourth Interna- 
tional Federation for Documentation (FID ) 
Conference and International Congress on 
Scientific Information, To Be Meld in Moscow* 
U.S.S.R., September 9-18, 1968 (GN765) ; 

6 months $T^0.. Vi * -.-Xu' . - : .V 

American Psychowgical Association 
. Griffith, Reiver C. 5 The Meeting of the In- 
ternational Union of Psychological Science 
Committee on . Publication and Communication 
and the 8th International Congress of Applied 
Psychology* Amsterdam, Netherlands, August 
18-28, 1968 (GN768) ; 6 months; $CJL® 



B®EL TELEPHONE UABORATORiaB • * v. 

Donovan, Pad F. ; International Conference 
m Nucleon Structure, Tokyo* Japan * Sep tem- 
per 7-19, 1967 (GP7789) ; 8 months ; $998 



Bernice P. Bishop Museum 

Sinoto, Yosthiko H. ; VIII International 
Congress of Anthropological and Ethnological 
Sciences* Tokyo, Japan* September 9-10, 1968 
(GS2127) ; 6 months ; $555 
Boston University 

Zimmerman, George ; The Eleventh Interna- 
tional Conference on Low Temperature Phys- 
ics, St. Andrews, Scotland, August 21-28, 1968 
(GP9O70) ; 6 months; $419 

Mendlllo, Michael J. ; NATO Advanced 
Study Institute— Satellite Signal Propagation 
In the Ionosphere* Viareggio * Italy* Juno 10-22, 
1968 (GZ1026) ; 6 months ; $198 
Brandeis University 

Idnschitss, Henry ; Symposium on Basic 
Mechanisms in Photochemistry and Photo- 
biology * Caracas, Venezuela, December 1—7, 
1967 (GB7050) ; 6 months ; $6,000 

Matsusaka, Terohlsa ; The International 
Colloquium on Algebraio Geometry* Bombay * 
India, January 16-89, 1988 (GP8009) ; 

6 months; $1,119 

iSeeley, Robert T. ; The First Latin American 
Softool of Mathematics* Bio de Janeiro, Brazil * 
June 15— August 8, 1968 (GF9063) ; 0 months ; 
$060 * ' /* 

Brown University 

Cardona, Manuel ; Nin* h International 
Semiconductor Physics Conference, Moscow* 
U.S.S.R.* July 18—29* 1968 (GP8863) ; 0 

months; $810 

Quinn, John J. \ The Eleventh International 
Conference on Low Temperature Physics* St. 
Andrews* Scotland, August f 1—28, 1968 

(GP2086) ; 6 months ; $485 

Scfcempp, EUory ; NATO Advanced Study 
Institute on Nuclear Quadrupole Resonance 
Spectroscopy* Frascati * Italy* October 11—81 * 
1967 (GZ7CO) ; 12 months ; $534 

Symonds, Paul B. ; Conference on Engineer- 
ing Plasticity, Cambridge, England * March f ff— 
29, 19ti8 (K002491) 8 months ; $390 

California Institute of Technology 
s Cameron, Roy B. ; Second SCAR Symposium 
on Biology* Cambridge * England, July 88— 
August 6, 1968 (AOO43O0) ; 0 months ; $400 
Hanks, Thomas C. ; NATO Advanced Study 
Institute/on Paleogeophysics* New Castle - 
Upon-Tyne, England, April 1-6, 1988 (QZ- 
1008) ; 0 months ; $517 

Tbmbach, Ivar H. ; NATO Advanced Study 
Institute on Transition from , Laminar to 
Turbulent Flow / London, England, June 90- 
July 6/1968 (GZ1052) ; 0 months ; $725 

H&nson, David M.* j NATO’ Advanced Study 
Institute on Properties of Organic Crystals, 
Enschede, The Netherlands/ July 8-12, 1968 
(GZ1058) ; 0 months; $779 
Kohler, Bryan H. ; NATO Advanced Study 
Institute on Molecular Crystals, Enschede* 
Holland, July 8-lt, 1968 (GZ1057) ; 0 

months ; $782 

\ Ceasar, Gerald V . ; NATO Advanced Study 
Institute on Determination of Molecular Ge- 
ometry, Aarhiis/ Denmark* July 29— August 10* 
1968 < GZ1O01) ; 6 months ; $57T , _ 
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Brlnkmann, Robert T. ; NA TO Advanced 
Study Institute on Aurora and Airglow, As, 
Norway, July 29— August 9, 1969 (GZ1071) ; 
0 months ; $587 

Carnegie Institute of Technology 

Krntar, Rudolph A. ; NATO Advanced 
Study Institute on New Trends in Program- 
ming New Applications and Language Theories, 
Copenhagen, Denmark, August 19-2 4, 1968 
(GZ1075) ; 6 months ; $568 

Pierce, W. H. ; IEEE International Sympo- 
sium on Information Theory, Athens, Greece, 
September 11— IS, 1967 (K002482) ; Q months ; 
$780 



Carnegie Mellon university 

Baker, Earl W. ; Symposium on Fluoro- 
Organic Chemistry, Birmingham, England, 
March 27-29, 1968 (GP8227) ; 0 months ; $446 
Castellano, Salvatore M. ; Second Interna- 
tional Symposium on Nuclear Magnetic Reso- 
nance, Sao Paulo, Brazit, July 8—11, 1968 
(GP8806) ; 6 months ; $561 
Van Dyke, Charles H. ; Second International 
Symposium on Organosilicon Chemistry, 
Bordeaux, Prance, July 9—12, 1968 (GP8819) ; 
6 months ; $556 * 

Rayne, John ; The Eleventh International 
Conference on I*ow Temperature Physics, St, 
Andrews, Scotland, August 21—28, 1968 

(GP9083) ; 6 months; $470 .-sc ! 

Holstein, Barry R. ; NATO Advanced Study 
Institute on Invariance Principles and Particle 
Physics, Erice , ... Sicily, * July 1 8-28,) . n 1968 
(GZ1066) ; 6 months ; $445 

Perils, Alan J. ; II Latin American Congress 
on Electronic Computation, Lima, Peru, June 
9-15, 1968 (J000290) ; 6 months ; $631 
Cass Western Reserve University 

Kuwana, Theodore ; Discussions of Faraday 
Society, Newaastle-on-the-Tyne, England April 
t-i, 1968 (GP8046) 11 months; $298 

Reswick, James B , Technical and Biologi- 
cal Problems of Control-r-An I FAC Symposium, 
Yerevan, U.S.S.R., September 2^—28, 196* 
(K004443); 6 months; $700 • i 

. Chas. FT Kettering Research Foundation 
Keister; Donald L.; International Congress 
of Photosynthesis Research, ■ Freudenstadt, 
Germany t.. June/ A-8,y> 1968 . (GB76B8) ;*> 6 
months; : $320 : .ct r 
City College^ ; ^ 

'Ettenberffi Morris; JTXIV All Union Science 
Convention, Moscow, T7.S.S.R;, May ■ if—l 6, 
1968 (K004208) ; 6 months; $758’ l ' ‘ 



City University 
Office 



of New. York System 



Heller," Aler ; ^ Conference * m Algebraic 
Topology, Oberwolfach, Germany , Augitht 29- 
Septepiber , 10, 19.67 (01*7755) ; 9 months ; 

Clark University,; ... -.'XT 

Ahmadjian, Vernon; Second {SCAR);Svm- 
posium on .Antarctic Biology, Cambridge, Eng- 
land, July 28— August .6, .1968*. ( A004810) ; 6 
months ; $370 . ..V.;. 

Columbia University : r: 

. vGresor. i Harry p: ; : : Meeting on 80 Years ' of 
Ion Exchangers, Leipzig, t Germany, J une A-8, 
1968 QP8226), ; 1S> mon^ j V?,540 } J} r. 

Babb, Hyman ;; Meeting on . Rings y Modules 
and Homological Methods, Oberioolfach, Ger- 
many, March 3—8 , 1968 (GP8280) ; 9 months; 
$479 



Hoobler, Raymond T. ; Meeting on Rings 
Modules and Homological Methods, Oberwol - 
fach , Germany, March 3— 8, 1968 (GP8280) ; 9 
months; $479 

Dailey, Benjamin P. ; Second International 
Symposium on Nuclear Magnetic Resonance, 
Sdo, Paulo, Brazil, July 8—11, 1968 (GP- 
8805) ; 6 months ; $522 

Pried, Morton H. ; VIII International Con- 
gress of Anthropological and Ethnological 
Sciences, Tokyo , Japan, September 3—18, 1968 
(GS2135) ; 6 months ; $865 

Cohen, Myron D. ; VIII International Con- 
gress of Anthropological and Ethnological 
Sciences, Tokyo, Japan, September 3—10, 1968 
(GS2187) ; 6 months; $865 

Rosenberg, Uoyd ; NATO Advanced Study 
Institute on Signal Processing With Emphasis 
on Underwater Acoustics , Enschede, the 
Netherlands , August l%-23, 1968 (GZ1072) ; 
6 months ; $403 

Dexter, David D. ; NATO Advanced Study 
Institute on Determination of Molecular 
Geometry, Aarhus, Denmark, July 2 9- August 
7, 1968 (GZ1082) ; 0 months ; $504 

Kolesar, Peter J. ; NATO . Advanced Study 
Institute on Engineering Applications of Sta- 
tistical Extremes, Faro, Portugal, Septem- 
ber 18-22, 1967 (GZ731) ; 1 month ; $379 
Mindlin, R. D. ; Third U.S.S.R, National 
Congress of Theoretical and Applied Mechan- 
ics, Moscow, U,S.S,R,, January 25-February 1, 
1968 (K002488) ; 6 months ; $548 
Cornell University 

Harwlt, Martin O. ; CO SPAR Eleventh 
Plenary Meeting in Tokyo, Japan , May 8-21 , 
1968 (A001590) ; 6 months; $970 
i. Bolgiano, Ralph, Jr Meeting of Interna- 
tional Association of Meteorology and Atmos- 
pheric Physics, Lucerne, Switzerland, Septem- 
ber 28-October 1, 1967 (A1219) ; 12 months; 
$508 . • «- r-.-x ,u- :.«i ..... 

Noble, Robert W. ; Second Lacura Conference 
on Hemoglobin, Rome, Italy, June 12-26, 1968 
(GB7656) ; 6 months ; $650,-;. -V ^ * 

Gunderinann, Bllen. J,.; Meeting of Physics 
of Quasars, Manchester, , England, Septem- 
ber 5-7, 1967 (GP7753) ; 9 months ; $352 
, Fisher, Michael ; B. ; Seminar ori\ r Phase 
Transitions, Budapest, Hungary, , October 
l&ltitfMX'iGZ 7953)^ 8 months >337 *;/ ! 

‘Batterman, ; B. \y5T, ; J Intetmatignai'/Meeting 
on Accurate Determination of X-ray Intensi- 
ties and Structure Factors, Cambridge, Eng- 
land, June 21-28/1968 (GP8208) : 15 months ; 
$432- V*’- .j. ..yy- 

Fucha, Wolfgang ' H. ; Conference on . the 
Theory of Functions of a Gotoipleo Variable, 
Oberioolfach/ Germany, March '17-23, 1968 

(GP8204) , ; 6 months ; $3&T ;7‘I^' : * 

Rosenberg, Alex. ; Meeting on Rings Modules 
and Homological Methods, Oberioolfach, Ger- 
many* March 3-8/1 968 ■ ( GF8283) ; 9 months ; 
$516’ S. • -ivi: ^ 

* Orear,' Jay ; XIV International Conference 
on High X Energy Physics in Vienna/ Austria, 
on . August 2 8-Scni<&mper 6/ 1 9 68 (GPS0O0) ; 
11 months ; $553 ' , T : i 

McDaniel, Boycii D. ; X XV > International Can* 
ference; 6ii High Energy Physics in Vienna, 
Austria ony" August'" SS-Septeniber f , 1968 
(GP8842) t 51 « months $^15 ' ** ' ' ' 

Silverman, Albert ; XFr International Con- 
ference on High Energy Physics in Vienna, 
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Austria, on August 28-September 5, 1968 
(GP8843) ; 0 months ; $015 

Hoffmann, Roald ; International Union of 
Pure and Applied Chemistry Symposium, 
Karlsruhe, Germany, September 8—11, 1908 
(GPS849) ; 6 months; $5G2 

Reppy, John ; Eleventh International Con - 
ference on Low Temperature Physics , St. 
Andrews, Scotland, August 21—28, 1908 

(GP9081) ; 6 months; $400 
Dartmouth College 

Horulg, James F. ; Fourth Molecular Crystal 
Symposium, Enschede, Netherlands, July 8-12, 
1968 (GP8104) ; 9 months; $592 

Cleland, Robert L . ; Study and Lecture at 
the Universities at Uppsala, Sweden, and 
Strasbourg, France, (GPS853) ; 24 months ; 
$070 

Department or* the Interior 

Kenyon, Karl W. ; Second SCAR Symposium 
on Biology, Cambridge , England, July 28-Au- 
gust 6, 1968 (A010104) ; 6 months; $500 
Duke University . 

Woods, Frank W. ; Fifteenth Easter School 
in Agricultural Sciences, Nottingham, England, 
April 1968 (GB7496) ; 3 months ; $433 
BMOax University 

Goldsmith, David J. ; Fifth International 
Symposium on the Chemistry of Natural Prod- 
ucts, London, England, July. 8—18, 1968 

(GPS814) ; 0 months; $519 

Davenport, Richard K., Jr. ; VIII Interna- 
tional Congress of Anthropological and Ethno- 
logical Sciences, Tokyo, Japan, September 
8-10, 1968 (GS2141) ; 6 months ; $830 
Entomological Society op America 

Nelson, R. H. ; Thirteenth International 
Ooupreas of Entomology, Moscow, U.S.S.R., 
August 2-9, 1968 (GB7503) ; 6 months; 

$ 10,000 •• ' .. , . • 

FixjRinA State University 

Gille, John C. International Radiation 
Symposium, Bergen, Norway, August 21-28, 
1968 (GA1038) ; 0 months ; $644 
Ford Scientific Laboratory 
■ i Klamkin, Murray - S. ; ; International Com- 
mittee for Mathematics ■; Instruction-Collo- 
quium, , Utrecht , Netherlands, .August , 21-25, 

1 9.67 ( GZ7 29 ) i : 1 month $527 7 ^ . 

Geological Survey • . / 

Schmidt, Dwight Lu ; First International 
Symposium on Gondwana Stratigraphy and 
Paleontology, Mar Del Plata, Argentina; Octo- 
ber 1-4, 1967 (A1205) ; 0 months ; $756 ^ 
Georgia Institute of Technology V' 

Zalkow, Leon H. ; Fifth International Sym- 
posium on the Chemistry of Natural Products, 
London, England, and To Visit Laboratories. in 
Strasbourg, France, and Zurich, Switzerland, 
July 8-18, 1968 (GP8106) J *6 months ; $604 
'• Mnk, Richard W. ;Int&matibhdr Conference 
on Electron Capture and Higher Order Proc- 
esses in Nuclear 'Decays; Debrecen, Hungary, 
July 15-10, 1968 (GP8107) ; 6 1 months ; $300 
i Young, R; A/; International Meeting, on Ac- 
curate Determination of X-ray Intensities and 
Structure Factors, < .- K Cambridge, England, 

June 24-28, 1908 (GP8950) ; 6 months ; $ 541 
’ Harvard IJ.NiVBRmTX.v;, s s ; ss. , v.>-~ : '- 

Sagan, Carl ; . COSPAR. ; Eleventh Plenary 
Meeting Jn. Tokyo, Japan, May $-21, \ 1968 
. X A001600) ; 12 months ; $931 a 



Menzel, Donald H. ; The International Sym- 
posium on the Total Solar Eclipse of Novem- 
ber 12, 1966, in Boo Jose Dos Campos, Brazil, 
February 5-11, 1968 (A1350) ; 12 months; 

^Porter, Keith R. ; Australian Conference on 
Electron Microscopy, Canberra, Australia, 
February 19-22, 1968 (GB7818) ; 6 months; 

57 Quidotti, Guido ; Second Lscura Conference 
on Hemoglobin, Rome, Italy, June 12-25, 1968 
(GB7653) ; 0 months; $020 _ . 

It o chow, Eugene G* , Second International 
Symposium on Organosilicon 
Bordeaux, France, July 9—Xt, 1968 (GP8822) ; 

0 months ; $474: , 

Doering, Von Eggers ; International Union 
of Pure and Applied Chemistry Symposium, 
Karlsruhe, Germany, September 8—11, 1968 
(GP8852) ; 6 months; $470 

Ramsey, Normal F. ; International Sympo- 
sium on Physics of One - and Two-Electron 

Atoms, Munich, Germany, September 9— IS, 

1968 (GP9O07) ; G months ; $520 

Upset, Seymonr M. ; Third International 
Conference of the Research Committee on 
Political Sociology, Berlin, Germany, Janu- 
ary 16-20, 1968 (GS1885) ; 0 months; $495 
Apfel, Robert E. ; NATO Advanced Study 

Institute on Stochastic . Problems in Under- 
water Sound Propagation, La Spezia, Italy, 
September 18-28, 1967 (GZ737) ; 12 months; 
$402 

Illinois State Geological Survey 

Simon, Jack A. ; International Committee 
for Coal Petrology, Sheffield, England, Septem- 
ber 4-8, 1967 (A1223) ; 1 month ; $408 
Illinois Institute of technology 

Frocht; f Max M. ; JSME 1967 Semi-Interna- 
tional Symposium, Tokyo, Japan, Septem- 
ber 4-8, 1967 (K002479) ; 6 months ; $985 

iNniANA University -'"i.. ■ „ V . „ 

Gal ewskL' Joseph 1 J. ; International Union of 
Pure and Applied Chemistry Symposium, 
Karlsruhe , , Germany, September, 8—11, 1968 ; 

- (GP8848) ; 6 months ; $000 1 v . 

% Swihart, . James ; Eleventh International 
Conference on Low Temperature Physics, St. 
Andrews, Scotland, August 21— 28 1968 (GV — 
9084) ; 6 months ; $499 

Masani, Peai R. ; Conference on Abstract 
Spaces and Approximation, Oberwolfach, Ger- 
many, July 18-27, 1968 (GP9106) ; 0 months ; 
$027 t>w - 1 

Institute for Advanced Study ■ ■>.!/ • 

Mostert, Paul S. ; International Symposium 
on Semigroup Theory and Applications, Smo- 
lenice, U.S.SM; June 17-tl, 1968 (GP8338) ; 
,6 S months ; $632 v . ? r . 

Society for the Study of reproduction 
Melampy, R. M. and Dutt, R. H. ; Sixth In- 
ternational Congress on Animal Reproduction 
and Artificial Insemination, Paris, France , 
July 21-26, 1968 > (GB7044> ; 12 months; 

$10, OOP .. r> . ,. )r : . : ; ■ •; - 

Iowa State University .s*?, 

Gilman, Henry ; Second International Or- 
ganosiUcon Symposium, Bordeaux, France, 
July 9-12, 1968 (GP8132) ; 0 months ; $534 
* Jacobson, Robert Ai ; International > Meet- 
ings zOfil Accurate Determination of X-ray In- 
tensities s andi\Structure Factors; ^Cambridge, 
.Eng ; land, ' June 24-28, .1968 (GP8953) ; 6 

months ; $523 * 5; .i 



Creel, Roger ; NATO Advanced Study Insti- 
tute on Nuclear Qvadrupole Resonance Spec- 
troscopy, Frascati, Italy, October 11—21, 1967 
(GZ751) ; 21 months ; $498 
Jackson Laboratory 

Blake, Robert L. ; NATO Advanced Study 
Institute on Control Mechanisms of Molecular 
Biology, Bergen, Norway, May 20-30, 1068 
(GZ1042) ; 6 months; $395 
Johns Hopkins University 

Sladen, William J. L. ; Second SOAR Sym- 
posium on Biology, Cambridge, England, July 
28— August 6, 1938 (A004321) ; 0 months; 
$331 

Cowan, Dwaine O. ; International Confer- 
ence on Photochemistry , Munich, Germany, 
September 6-9, 1967 (GP7758) ; 9 months ; 
$388 

Igusa, Jnn-Iehl; International Colloquium 
on Algebraic Geometry, Bombay, India, Janu- 
ary 16-23, 1968 (GP8010) ; 0 months; $1,128 
Pevsner, Aihud ; XIV International Confer- 
ence on High Energy Physics in Vienna, Aus- 
tria, August 28-September 6, 1968 (GP8608) ; 
11 months ; $602 

Murphy, Peter J. ; NATO Advanced Study 
Institute on Transition From Laminar to Tur- 
bulent Plow, London, England , , June 30-July 6, 
1968 (GZ1047) ; © months ; $441 
Louisiana State University, New Orleans - 
Good, Mary L. ; Second International Sym- 
posium on Nuclear Magnetic Resonance, Sao 
Paulo, Brazil, July 8-11, 1968 (GP8800) ; 6 
months; $570 
Lehigh University 

Zettlemoyer, Albert C. ; Fifth International 
Congress on Surface Activity, Barcelona, 
Spain, September 9-13, 1968 (GP8810) ; 0 

months; $508 

Spriggs, Richard M. ; Fabrication Science 
Symposium, Leeds, England, September 18— 
20, 1967 (K002478) ; 0 months; $430 
Mackinac College 

Keitt, George W., Jr.; NATO ' Advanced 
Study Institute on Transport of Plant Hor- 
mones, Izmir, Turkey, October 16—30, 1967 
(GZ752) ; 3 months; $831 
Massachusetts General Hospital 

Grille, H, C. ; Seminar on Wound Healing 
and Tissue Regeneration, Varanasi, India, 
November 15-18, 1967 (GB7080) ; 0 months 
$ 1 , 200 - 

Massachusetts Institute of Technology 
Allen, Thomas J. : Forty-second Annual Con- 
ference , Association of Special Libraries and 
Information Bureaux, University of Kent, 
Canterbury, England, September 23— 25, ' 1968 
(GN703) ; 0 months; $399 

Welsskopf, Victor F, ; International Sym- 
posium. Commemorating 100th Anniversary of 
the Birth of Marie Curie, Warsaw, Poland, Oc- 
tober 17,-1967 {OPTHi 0) ; 29 months; $585 
Gatos, Harry C. ; Ninth International Semi- 
conductor Physics ■ Conference, Moscow, 
U.S.S.R., July 23-29, 1968 (GP8805) ; 0 
months ; $50.0 • V- 

Shoemaker, David P. ; International Meet- 
ings on Accurate Determination of X-ray in- 
tensities and Structure' Factors, Cambridge, 
England, June 24-28, 1968 (GP8952) ; 0 
months ; $215 



Brown, Sanborn C. ; Third Symposium on 
Plasma Physics and Controlled Nuclear Fusion 
Research , Novosibirsk, U.S.SJt., August 1—7, 
1968 (GP8072) ; 0 months; $500 

Rose, Robert ; Eleventh International Gon- 
ference on Low Temperature Physics, St. 
Andrews, Scotland, August 21—28, 1968 

(GP9088) ; 0 months; $420 

Manhelmer, Wallace ; NATO Advanced Study 
Institute on Plasma Waves in Space and in 
the Laboratory, Roros, Norway, Ajtril 17—26, 
1968 (GZ1005) ; 0 months; $360 

Bergeron, Robert F. ; NATO Advanced Study 
Institute on Transition from Laminar to 
Turbulent Flow, London, England, June 80- 
July 6 , 1968 (GZ1O30) ; 0 months; $432 
Smith, Robert A.; NATO Advanced Study 
Institute on Processing of Optical Data by 
Organisms and by Machines, Varcnna \, Italy , 
July 15-27, 1968 (GZ1039) ; 6 months; $589 
Albert, Jeffrey H.; NATO Advanced Study 
Institute on Pseudo* Differential Operators, 
Stresa, Italy, August 25-September 3, 1968 
(GZ107G) ; 0 months ; $544 

Kabat, Jonathan P. ; NATO Advanced Study 
Institute on Recent Progress in Immunology, 
Paris, France, September 20-30, 1967 (GZ- 
730) ; 12 months; $431 

Cornell, C. Allln ; NATO Advanced Institute 
on Engineering Applications of Statistical Ex- 
tremes, Faro, Portugal, September 18-2 7, 

1967 (GZ749) ; 12 months ; $403 

Vinson, Walter C. \ NATO Advanced Study 
Institute on Activation of Genes in the Em- 
bryonic Development, Palermo, Italy, Septem- 
ber 25-October 14 , 1967 (GZ754) ; 3 months ; 
$580 

Ogllvle, Robert E. ; Visit Various Universi- 
ties and Companies Employing High Energy 
Electron Microscopes, November 6-16, 1967, in 
japan (K002486) ; 0 months ; $561 

Uhlmann, Donald R. ; Eighth International 
Congress on Glass, London , England , July 1—6, 
1963 (K004358) ; 0 months ; $435 

Robsenow, Warren M. ; Mass and Heat 
Transfer Turbulent Boundary Layers, 

HerceyNovi, Yugoslavia , September 1—15, 

1968 (K004413) ; © mouths ; $410 

Young, Laurence Hetman ; Technical and 
Biological Problems of Control— An IF AC 
Symposium, Yerevan, U.S.S.R., September 24— 
28, 1968 (K004442) ; © months ; $840 
Michigan State University 

Blatt, Frank ; Eleventh International Con- 
ference on Low Temperature Physics, St. An- 
drews, Scotland, August 21-28 , 1968 (GP 
9080) ; 0 months ; $350 
Missouri Botanical Garden 

Gates, David M. ; Fortieth Congress of the 
Australian, and , New Zealand Association for 
the Advancement of Science, Christchurch, New 
Zealand, January 24-31, 19 68 (GB7108) ; 0 
months ; $1,200 

North Carolina State University, Raleigh 
Robison, Odls W.; NATO Advanced Study 
Institute — Intcriiational Summer School on 
Biomathematics and Data Processing in Ani- 
mal Experiments, Elsinore, Denmark, June 30- 
July 13, 1968 (GZ1O38) ; 0 months; $595 

Zorowskl, Carl F. ; Eighth International 
Machine Tool Design and Research Confer* 



enoe, Manchester , England , September 19-15, 
iOB 7 (K0O2476) ; 6 months; $360 



New York Zooloo ical Society 

Penney, Richard P. ; Second SOAR Sym- 
posium on Biology, Cambridge, England, July 
98— August 6, 1968 (A004S01) ; 6 months ; $337 
2UTIONA1. Academy or Sciences 

Coleman, John S.; Task Order for Sym- 
posium on Micropaleontology of Bottom Sedi- 
ments (C031013700) ; 3 months ; $6,253 
©avid, Henry; Partial Support of U.S . 
Travel to the Twelfth International Congress 
of the History of Science and the General As- 
sembly of the Division of History of Science / 
IX7HPB (C310145*) ; 10 months ; $1,000 

. (C810145*) ; 10 months; *9.000 

_ j (C310145*) : 10 months; $2,500 
Paul Martin A. ; Partial Support for U-S. 
Participants to the International Conference 
on Coordination Chemistry *« Israel , Septem- 
ber 8-18. 1968 (G810149) ; 6 months: $7,500 



National Academy or Sciences — National 
Research Council 

Cohen Peon W, ; Partial Support of Travel 
to the International Federation for Informa- 
tion Processing . Edinburgh, Scotland. August 
5-10, 1968 (C310141) ; 14 months ; $12,000 

Bailey Walter H. ; Partial Support of U.S. 
Travel to the International Geographical Con- 
gress and General Assemblff of the Interna- 
tional Geographical Union , Neto Delhi, India, 
December 1-8, 1968 (C310147) ; 12 months: 



$11,600 

Kelly, William C. ; Meeting of Interna- 
tional Commission on Physics Education. 
Amsterdam, Netherlands, January 9-10, 1968 
(GZ921) ; 6 months; $478 
New Mexico State University 

Weelcs, Owen B. : Fifth International fi'i/m- 
posium on the Chemistry of Natural Products , 
London, England, July 8-July IS, 1968 (GB 
7651) ; 6 months; $520 
New York University 

Isaacson, Bucene: Meeting of Basic Prob- 
lems of Numerical Analysis, Prague, Czecho- 
slovakia, September 11—16, 1967 (GP7822) » 
9 months ; $395 

Goldstein. Ronald A.; NATO Advanced 
Study Inst into on Pseudo-Different Operators , 
Btressa, Itoly, August 95-September 9, 1968 
(GZ1 081) ; 6 months; $554 



Northeastern University 

Weinstein, Roy; XIV International Confer- 
ence on High Energy Physics, Vienna, Aus- 
tria, August 98-Sentember 5, 1968 (GP 

8607) ; 11 months; $560 
Northwestern University 

Zelinsky, Panlel ; Meeting on Rings Modules 
and Homological Methods, Oberxoolfaoh, Ger- 
many, March 3—8, 1968 (GP8231) ; 9 months; 
$506 

Bordwell, Frederick G. k ; Third Symposium 
on the Chemistry of Organic Sulphur Com- 
pounds, Caen, France, May 91— 95, 1968 (GP 
8796) ; 6 months ; $495 

Marcus, Jules ; Eleventh International Con 
ference on Low Temperature Physios, St . An- 
drews, Scotland, August 91—98, 1968 (GP 
9077) ? 6 months ; $442 •- ’ 



Hsu, Francis Tu K. ; VIII International Con- 
gress of Anthropological and Bthuological Sci - 
ences , Tokyo , Japnn, September 3-10, 1968 
(GS2133) ; 6 moathB ; $785 

Cember, Herman; NATO Advanced Study 
Institute on Dosimetry of Radiation Based on 
Solid State Phenomena, Brussels, Belgium , 
September i-16, 1967 (GZ732) ; 1 month; 

$428 

Oak Ridge National Pabobatory 

McGTory, Joseph B. ; NATO Advanced Study 
Institute on Nuclear Physics, Lea Touches, 
France, July 14 -September 8, 1968 (GZ1009) ; 

ft vnnnfTia • 



Ohio State University _ 

Rudolph, Bmannel T>. ; Second SCAR Sym - 
postum on Biology, Cambridge, England, July 
98-August 8, 1968 (A004309) ; 6 months; 

^Fraenkel, Gideon ; Second International 
Symposium on Nuclear Magnetio Resonance, 
Sao Paulo, Brazil, July 8-11, 196 8 (GP8807) ; 
6 months; $571 _ _ _ . 

Paquette, Peo A. ; International Union of 
Pure and Applied Chemistry Symposium, 
Karlsruhe, Germany, September 8-11 , 1968 
(GP8850) ; 6 months ; $600 

Mathis, Robert F. : NATO Advanced Study 
Institute on Differential Equations, Edin- 
burgh, Scotland, September 11—93, 1967 (GZ 
741 ) ; 6 months ; $365 

Ghosh, San jib K. ; Eleventh International 
Congress of Photogrammetry r Lausanne . 
Switzerland, July 8-90, 1968 (K004294) ; 6 
months J $615 

Ohio Wesleyan University 

‘Shlrllng’, Biwood B. ; International Sym- 
posium on the Taxonomy of the Actinomyce- 
toles, Jena, Germany , September 17—91, 1968 



Oregon State University 

Hedjrpeth. Joel W .• Second. SOAR Sympo- 
sium on Biology, Cambridge, England, July 
98— August 6, 1968 (A004312) ; 6 months; 

$696 . 

Klee, John P. ; Third Symposium on the 
Chemistry of Organic Sulphur Compounds, 
Caen , France, May 91-95, 1968 (GP8795) ; 6 
months ; $350 

American Phytopattiologicax. Society 

Yonngf, Roy A. ; First International Con- 
gress of Plant Pathology.. London, England, 
July 14-99, 1968 (GB7441) : 12 months ; 

$ 20,000 



Pennsylvania State University 

Spaceman, William ; Sixth International 
Congress of Carboniferous Stratigraphy and 
Geology, Sheffield, England, September 3-9, 

1967 (A1218) ; 7 months ; $472 

Vastola, Francis J. ; International Mass 
Spectrometry Conference, West Berlin, Gerf 
many, September 95 - 99 , 1967 (GP7757) ; 10 
months ; $319 

Faust, J. W., Jr.; Second International 
Conference on Crystal Growth, Birmingham, 
England, July 15-19, 1968 (GP8809) ; 6 

months ; $520 . ' - 

Greenhill, Leslie P. ; International Editorial 
Board Meeting of Encyclopaedia Cinemato- 
graph^ Utrecht, Netherlands, June 11-14, 

1968 (GZ1037) ; 6 months ; $526 
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Frymoyer, Edward M. ; NATO Advanced 
Study Institute on Stochastic Problems in Un- 
derwater Sound Propagation, La Spezia, Italy, 
September 18-23, 1967 (GZ733) ; 1 month; 
$837 

Hay thorn th waite, Robert ML ; Conference on 
Engineering Plasticity, Cambridge, England, 
March 25-29, 1968 (K002492) ; 6 months; 
$445 

Shearer, J. Lowen ; IP AC International 
Pulse Symposium, Budapest, Hungary, April 
8-13, 1968 (K002494) ; 6 months ; $610 
Lee, Hai'Sup ; Symposium on Electromag- 
netic Waves, Stresa, Italy, June 24-29, 1968 
(K004221) ; 6 months; $590 
Photo Technology Research, Inc. 

Denton, Frank ; Science and Humanism 
Bienal, Sao Paulo, Brazil, November 24 — De- 
cember 6, 1967 (K002485 001) ; $265 
PMC Colleges 

Ditaranto, Rocco A. ; International Sym- 
posium on the Damping of Vibrations of Plates 
by Means of a Layer, Leuven, Belgium, Sep- 
tember 14-15, 1967 (K002471) ; 6 months; 
$350 

XiannoB, Peter N. t Symposium on “Physico- 
Chemical** Properties of Fibers, Prague, 
Czechoslovakia, September 10-14, 1968 

(K004551) ; 6 months ; $425 
Polytechnic Institute or Brooklyn 

Felsen, Leopold B. ; Visit Soviet Academy of 
Sciences of the U.S.S.R., Moscow, August or 
September 1967 (GP7752) ; 9 months; $730 
Guggenheim er, Heinrich. W. ; International 
Conference on Differential Geometry, Bologna, 
Italy, September f 7-Ocfo&er 1 , 1967 

(GP7770) ; 9 months; $523 
Schwarts, Mlscha ; IEEE International 
Symposium on Information Theory, Athens, 
Greece, September 11—15, 1967 (K002480) ; 
6 months; $785 

— ; XXIV th AH Union Science Conven- 
tion, Moscow, U.S.S.R., May 14-16, 1968 

(K004209) ; 6 months ; $870 
Deutach, Sid; Technical and Biological 
Problems of Control- — An IP AC Symposium, 
Yerevan, U.S.S.R., ’ September 24 - 28 , 1968 
(K004440) ; 6 months ; $810 
Drenick, Rndolf P. ; Second IP AC/ ET AN 
Symposium on System Sensitivity and Adap- 
tivity, Dubrovnik ', Yugoslavia, August 26— SO, 
1968 (K004469) ; 6 months ; $570 
Polytechnic Institute or Brooklyn — 
Graduate Center 

Hessel, Alexander; Symposium on Electro- 
magnetic Waves, Stresa, Italy, June 8-8, 1968 
(K004222) ; 6 months ; $590 

Gould, Gordon ; International Conference 
on Laser Measurements, Warsaw, Poland, 
September 26 , 1268 (K004438) ; 6 months ; 
$450 

Princeton University _/ m 

Shlmnra, Goro ; Conference oh Automorphic 
Functions \ on ^Arithmetically Defined Gro ups, 
Obertco Ifdch, Germany, July ' 28-August Si 
1968 (QP88XS) ; 6 months ; $564 * : 

Fetter man, Charles NATO Advanced Study 
Institute, oh \ Pseudo-Differential Operators, 
Stresa, Italy, August 26-September 8, 1968 
<GZ1060); 6 months; $087 V , , ^ 



Chen, Herhert H. ; NATO AdvOhced St**V 
Institute on Invariance Principles <*•*<* Partite 
Physics, Brice, Sicily, July iJ-SS, 1^8 
(GZ1069) ; 6 months ; $629 
Leak, Arthur M. ; NATO Adva^ed St**V 
Institute on Automatic Interpretation 
Classification of Images, Pisa, It* l V, Auff^t 
26— September 7, 1968 (GZ1083) ; 0 montkfc ; 
$587 

Fenn, John B. ; Third Lunar If** emotional 
Laboratory Symposium, Belgrade, Jugoslav* a, 
September 24-30,196 7 (K002473) * 6 months ; 
$570 

Purdue University 

Jndd, William R. ; International Society 
Rock Mechanics, Salzburg, Austria, October 
23-28, 1967 (A1278) ; 7 months; $*35 

Truce, William E. , Third Symposium on the 
Chemistry of Organic Sulphur ^ 0 mpouf***, 
Caen, Prance, May 21-25, 1968 (OP 879 3 ) ; 

6 months; $540 

Benkeser, Robert A. ; Second international 
Symposium on Organosilicon 0 hemistry, 
Bordeaux, Prance, July 9-12, 1968 (0P882°) ; 

6 months ; $630 

Fan, H. Y. ; Ninth Internationa 1 Semicon- 
ductor Physics Conference, Masco U*8 
July 23-29, 1268 (GP8860) ; 6 ninths : ? 2a 0 
Treves, Jean P.; First Latit + American 
School of Mathematics, Rio de Jait e< r 0 , BrO^U, > 
July 15— August t, 1968 (GP9062) ? 6 months ; 
$430 

Garwood, Vernon A. ; NATO Advanced Study 
Institute on Biomathematics and DO*a Process- 
ing in Animal Experiments, Lisin or c * Denmark, 
June 30-Jvly 13, 1968 (GZ1040) ; 6 montb^ : 
$626 

King, Jonathan ; NATO Advened St**V 
institute on New Methods in Low-Angle X'™V 
Diffraction and Electron Microscopy for Eco- 
logical Structure Determination, Cambridge, 
England, September 16-28, 1968 ( 0 Zl 07 ^) ; 

6 months ; $396 , 

Lykoudis, Paul S. ; Lecture tf°nr 
Auspices of the Soviet Academy of science*, 
UM.S.R., April 22— May 5, 1968 (*COO4l02) ; 
e months ; $655 

Rensselaer Polytechnic iNSTiTtf 1 * 

Corelli, John C.; Ninth International semi- 
conductor Physics Conference > MoscOm, 

U.S.SH., July 23-29, 1968 861); 6 

months; $840 

Kata, J* Lawrence ; Intematioft a l Meeting 
on Accurate Determination of X-raV intensities 
and Structure Factors, Cambridge* EngldUd, 
June 24-28, 1968 (OP8949) ; 6 m^ths ; $*G0 
Chang, David D. ; NATO AdvO^ed St**v 
Institute on Molecular Beams oft* Reaction 
Kinetics, Varenna, Italy, July 29"*\ igust *<>, 
1968 (GZ1068) ; 6 months; $459 

Cook, John P. ; GIB Symposium Oh W*atfl*r- 
tight Joints in Walls, Oslo, Norte**, Septem- 
ber 23-27, 196 7 (K002474) ; 6 tooths; $56o 
Rice University 

...i Gordon, WV E. ; URSI Coordinating Com- 
mittee Meeting, Brussels, Belgium, March **- 
27, 1968 (A001468) ; 6 months ; $5^5 

Bather, Robert H. ; Birkeland &Vmpo8t**m 
on Aurora and Magnetic Storms, Snndeffora, 
Norway, September 18-22, 1967 CMlTvyi 6 ' 
months; $360 

; (All 7 9 001) ; $119 
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Resulkoff, Howard Li* ; Conference on Jordan 
Algebras and Nonasaociative Algebras, Ober- 
toolfuch, Germany, August 17-26, 1067 

(QP 774S) ; 9 mouths ; $303 

Rorschach, Harold 13. ; Eleventh Interna- 
tional Conference on Low Temperature Phys- 
ics, St, Andrews, Scotland, August 21-23, 1968 
(GP9078) ; 0 mouths ; $459 

Norbeck, Edward; VUI International Con- 
gress of Anthropological and Ethnological 
Sciences, Tokyo, Japan, September 3-10, 1963 
(GS2142) ; 6 months ; $795 

Chappell, Charles R- * NATO Advanced Study 
Institute on Aurora and Airglow, As, Norway, 
July 29— August 9, 1968 (GZ1050) ; 6 months , 

$533 „ . 

O’Neil, Richard; “Abstract Spaces and Ap- 
proximation" at the Muthcmatisches Per - 
schungsinstitut, Oberwolfach, 

July 13-27, 1968 (J000294) ; 0 months; $398 

rockefeller University - 

Struhsaker, Thomas T. ; Vill International 
Congress of Anthropological and Ethnological 
Sciences, Tokyo, Japan, September S-10, 1968 
(GS2134) ; 0 mouths; $305 

Shapley, Robert; NATO Advanced Study 
Institute on Optical Data Processing, Varenna, 
Italy, July 15-27, 19 68 (GZ1056) ; 6 months; 
$305 

Udhal Sociological Society 

Sauer, Howard M. # Second World Congress 
of Rural Sociology, Dricncrlo, Holland, Au- 
gust 5-10, 1968 ; (GS1S91) 12 months; 

$3,000 

RUTGBES, THE STATE UNIVERSITY 

leader, Solomon; International Special 
Symposium on Extension Theory of Topologi- 
cal Structures, East ’ Berlin, Germany, 
August H-19, 1967 (GP7749) ; 0 months ; $82 
Osofsky, Barbara X*. ; Meeting on Rings 
Modules and -HomoZoyfcaZ Methods, Oberwol- 
fach, Germany, March 3-8, 1968 (GP8234) ; 

9 months ; $202 

Petryshyn, W. V. ; Summer Course on 
Numerical Mathematics, Besdruzice, Czecho- 
slovakia, June 3—12, 1968 (GP8S17) ; 0 

months ; $509 

Plano, Xtichard J. ; XIV International Coi *h 
fercnce on High Energy , Physios, Vienna, 
Austria, August 28-Scptember 5, ,1968 
(GP8844) ; 0 months ; $395 

Llndenf eld, Peter ; Eleventh International 
Conference on Low Temperature Physics, St, 
Andrews, Scotland, August ,21—28, .1968 

(GPQ079) ; 6 months ; $423 f ..U ; 

Science Engineering Associates 

Wilson, Basil W- ; International Association 
for Physical Oceanography, Tsunami Sympo- 
sium, Berne, Switzerland, September 27, 1967 
(K002470) ; O months *, $775 
' Society for Developmental Bioicoy 

Saunders, John W., Jr. ; Sixth International 
Congress on Embryology^ Paris, Prance, Sep- 
tember 1 - 7 , 1 9 68 (GB7G49) ; 12 months ; 

$10,006 ' r " * V . : \ 

Soils Science Society off America j ; =- 
S telly, Matthias ; Ninth .International Con- 
gress of Soil Science, Adelaide, . Australia, 
August 6-16, 1968 , (GB7511*) ; 12 months *, 
$15,000 " ■ ; -v.» ,« 



Southern Illinois University 

Kuipers, Lawceuce ; Conference on Analytic 
Number Theory, Oberwolfach, Germany, March 
25-Z'O, 1963 (GP8435) ; 6 months; $450 
Southwest Center for Advanced Studies 
Johnson, Francis S. ; The COSPAR Eleventh 
Plenary Meeting, Tokyo, Japan, May 8-21, 
1968 (A001598) ; 6 months $778 

Laudisman, Mark ; Fourth UMC Symposium 
on Geophysical Theory and Computere, Trieste, 
Italy, September 18-22, 1967 (A11S3) ; 10 

months; $702 . 

Hales, Anton D. ; Visit the International 
Seismological Centre, Edinburgh, ScotZawd, 
December 1-10, 1967 (A1322J ; 0 months; 

$718 

Southwestern Medical School 

Mniilsby, Robert ; NATO Advanced Study In- 
stitute on Human Electroencephalography, 
Marseille, France, September 1—13, 19 68 (GZ 
1030) ; 0 months; $712 
Stanford Research Institute 

Smith, Felix T. ; International Symposium 
on Physics of One- and Two-Electron Atoms, 
Munich, Germuny, September 9—13, 1968 

(GP9O60) ; 0 months; $813 
Stanford University _ Jl . 

Chodorow, Marvin ; URSI Coordinating 
Committee Meeting, Brussels, Belgium, Marcti 
26-27, 1968 (A001409) ; 6 months; $725 
Hamilton, Carole U. ; Second Lacura Con- 
ference on Hemoglobin, Rome, Italy, June 12- 
25, 1968 (GB7654) ; 6 months; $870 

Chung, Laj ; Conference on Mat ^ov 

Chains, Oberwolfach, Germany, June 9—15, 
1968 (GP8339) ; 0 months j $800 

Spicer, William E. ; Ninth International 
Semiconductor Physics Conference, Mosoow, 
U.S.SJt., July 23-29, 1968 (GP8802) ; 0 

months ; $1,002 ' 

Bergman, Stefan; To Give a Series of Lec- 
tures in Paris, France , and Rome, Italy, April 
through September 1968 (GP9112) ; 6 months ; 
$520 

Stone, Keppler ; NATO Advanced Study In- 
stitute on Plasma Waves in Space and in the 
Laboratory,' Roros, Norway, April 17— 26, 1968 
(GZ1010) ; 6 months ; $524 

Crandall, Michael ; NATO Advanced Study 
Institute on Theory and Applications of 
Monotone Operators, Venice, Italy, June 
17-30, 1968 (GZ1054) ; 0 mouths ; $853 

Prlmack, Joel R. ; NATO Advanced Study 
Institute on Invariance Principles and Particle 
Physics , Erice, Italy, July 13-28, 1968 (GZ 
1068) ; 0 months ; $914 

Vcsecky, John F. ; NATO Advanced Study 
Institute on Earth's Particles and Fields, 
Stadt Freising , Germany, July 31-Auguqt 11, 
1967 (GZ724) ; 1 month ; $856 

Dee,- Robert W. ; NATO Advanced Study In- 
stitute on Structure of the Lower Atmosphere 
and Electromagnetic Wave Propagation, 
Aberystwyth , Wales, September 2-16, 196 7 
(GZ739)i; 12 months ; $610 

n Uinvill, John ; Summer School on Circuit 
Theory 1968, Prague, Czechoslovakia, June 28— 
July 12, 1968 (K002497) ; 0 months ; $850 
Boudart, Michel ; Fourth International Con- 
gress on ' Catalysis, ifoicow,- i l7.S.S.fi.j June 
23-29, 1968 (K004149) ; 0 months; $1,005 
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Heffner, Hubert ; XXIVth All Union Science 
Convention , Map 14-16, 1968 (K004178) ; 6 
months ; $1,115 

Kailath, Thomas ; Popov Societp Meeting, 
Moscow, U.S.S.R., Map 14—16, 19 68 

(K004179) ; 6 months ; $1,079 
Ijee, Erastus H. ; IUTAM Symposium on 
Thermoanelasticity, East Kilbride, Scotland, 
Juno 27-29, 1968 (K004245) ; 0 months; $740 
Mltchner, Morton ; Fourth International 
Symposium on Magnetohydrodynamlo Electri- 
cal Power Generation, Warsaw , Poland, July 
24-30, 1968 (K004298) ; 6 months; $900 
State University, Buffalo 

Schuster, Todd M. ; Second Lacttra Confer- 
ence on Hemoglobin, Pome, Italy, June 12— 
25, 1968 (GB7857) ; 0 months; $580 

Flndler, Nicholas V. ; Institute on Current 
Problems in Perception, Thessaloniki, Greece , 
July 22-26 1968, (J000268) ; 0 months ; $821 
State University, Stony Brook 

Be Noble, William J. ; Second International 
High Pressure Conference , Schloss Elmau, Ger- 
many, May 13-17, 1968 (GP8103) ; 0 months ; 
$530 

Ramirez, Fausto ; Fifth International Sym- 
posium on the Chemistry of Natural Products, 
London, England, July 8-13 , 1968 (GP8105) ; 
9 months ; $484 

Bauterbur, Paul C. ; Second Intern 
Symposium on Nuclear Magnetic P 
Sao Paulo, Brasil, July 8-11, 1968 (< 

0 months; $522 

Fossan, David B. ; International Symp . 
on Nuclear Structures in Dubna , U,S.S.R„ July 
4-11, 1968 (GP8940) ; 8 months; $775 

Ofeaya, Ycshi ; International Meeting on Ac- 
curate Determination of X-ray Intensities and 
Structure Factors, Cambridge, England, June 
24~28, 1968 (GP8951) ; 0 months ; $442 
Zemanian, Armen ; Summer ScTwol on Cir- 
cuit Theory 1968, Prague, Czechoslovakia , 
June 28-July It, 1968 (K002498) ; 8 months ; 
$410 

Stevens Institute of Technology 

Morgen, Ralph A.; Third Pan.. American 
Congress on Engineering Education, Panama 
City, Panama, August 11-17, 1968 (GE1031) ; 

0 months $318 “’J *; 

Mlchaiec, George W. ; JSME 1967 Semi-In- 
ternational Symposium, Tokyo, Japan, , Sep- 
tember 2-8, 19617 (KOO2400) * 6 months ; $050 
Kobylarz, Thaddeus J^ i IEEE international 
Symposium on \ inf ormation Theory, Athens , 
Greece, September li-lB, 19 67 (±002483) ; 6 
months; $400 ... V V:/ ... 

Syracuse University. ■ . \ . - /* ■ ■ 

Honlg, Arnold; Ninth. International Semi- 
conductor Physios Conference, Moscow, 
U.S.S.R., July 2 3-29 (GP8884) ; 6 months; 
$881 •; - ;l \ ........ 

Texas Technological College 

Shine, Henry J. ; Third Symposium on the 
Chemistry of Organic Sulphur Compounds, 
Caen, France, May 21-25, 1968 (GP8794) ,* 8 
months ; $495 , ; . , • - 

Individual Awards '-'V.' ? 

Howard, Robert F. ; COSPAR Eleventh 
Plenary Meeting, Tokyo, Japan ; May 8-21, 
1968 ( A001580) • 12 months; $884 ^ ' r 



Waite, Amory H. Jr. ; International Meet- 
ing of Radio Echo Sounding of Ice and Gla- 
ciers, Strasbourg, Prance , September 2S-26 , 
1967 (A1190) ; 6 months ; $392* 

Schneider, WiliMam Joseph ; Seminar on 
Hydrology of the Lower Mekong Basin, Vien- 
tiane, Laos-Bangkok, Thailand, November 19- 
26, 1967 (A1314) ; 0 months; $1,279 
Tufts University 



ference, Budapest, Hungary, September 5-9, 
1968, OolloQuim on Mass Loss from Stars , 
Trieste, Italy, September 12-17, 1968 (GP- 
9092) ; 0 months ; $000 

New, Peter Kong-MIng ; International Con- 
ference on Social Science and Medicine, Aber- 
deen, Scotland, September 4-6, 1968 (GZ 
1004) ; 0 months ; $300 
Ecological Society of America 

Gunning, Gerald E. and Dauff, George H. ; 
Seventeenth International Congress of Lim- 
nology, Jerusalem, Israel , August 12—19, 1968 
(GB7589) ; 12 months; $10,000 
Tulanr University 

Hofmann, Karl H. ; International Special 
symposium on Extension Theory of Topologi- 
cal Structures, East Berlin , Germany, Au- 
gust lh-19, 1967 (GP7750) ; 9 months; $544 
u •” iTY of Alaska 

r * I>aurance ; Second SCAR Symposium 
7V, Cambridge, England, July 28-Au- 
V- U, jl968 (A004308) ; 0 months; $778 
Belon, Albert E. ; The International Unio i 
on Geodesy and Geophysics, XIV th General 
Assembly, Sattdefjord, Norway , September 18— 
22, 1967 (A1168) ; 0 months ; $093 
University of Arizona 

Bartlett, Nell R. ; Bonders* Centenary A 

Symposium on Reaction Time, Eindhoven, the 
Netherlands, July 28-August 2, 1968 (GB- 
7650) ; 0 months; $530 

Barfield, Michael; Second International 
Symposium on Nuclear Magnetic Resonance, 
Sdo Paulo , Brazil , July 8-11, 1968 (GP8804) * 

0 months; $797 * 

Fitch, Walter Stewart; Variable Star Con- 
ference, Budapest, Hungary, September 5-9, 
1968 (GP9091 ) ; 0 months ; $80o 

Cphn, Harvey ; Conference oh Automorphio 
Functions With Arithmetically Defined 
Groups, Ober wolf ach, Germany, July 28— Au - 
gust 3, 1968 ( GP9110) ; 6 months ; $815 
Adam, Dayid Peter ; NATO Advanced Study 
Institute— Pdlaeogeophy sics, Newcastle-Upon - 
Tyne, England, April 1-6, 1968 (GZ992) ; 0 
months *,$050 ' 

University of Arkansas 

Amis, Edward S. ; Second International 
Symposium on Nuclear Magnetio Resonance, 
Sdo Paulo, Brazil, July 8-11, 1968 (GF8798) ; 

8 months ; $487 1 



University of California, Berkeley 

Gray, ‘Alfred ; Conference on Jordan Al- 
gebras and Non associative Algebras, Oberwohl - 
fach, Germany, August 17-26, 1967 (GP 

7720) ; 9 months ; $806 ; ^ ‘ 

Dauben, William Gl; Fifth International 
Symposium oh the Chemistry of Natural Prod- 
ucts, London, England, July 8-lsl 1968 (GP 
8840) ; 0 months ; $485 
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Phillips, John G. ; Internationa I Conference 
on Laboratory Astrophysics, n f eren, .Ve * n er- 

lands, September 2-5, 1968 (GP9Q71) ; 0 

months $768 _ _ . . _ 

Baranktn, Edward W. ; To Lecture at the 
Bolyai Mathematical Society , Budapest, Hun- 
gary, July 1968 (GP9105) ; 6 months; $290 
De Vos, George A. ; VIII International Con- 
gress of Anthropological and Ethnological 
Sciences, Tokyo , Japan, September 3-10, 196 8 
(GS2136) ; 6 months; $575 

CoroniH, Ferdinand V.: NATO Advanced 
Study Institute on Plasma Waves in Space 
and in the laboratory, Roros, Norway, 
ApHl 17-26, 1968 (GZ1006) ; 6 months; $750 
Struble, Gordon 1*. ; NATO Advanced Study 
Institute on Nuclear Physics, Les Houches, 
Prance, July 14 -Beptember 8, 1968 (GZ1027) J 
6 months; $853 _ _ . _ 

Budnitz, Robert J. ; NATO Advanced Study 
Institute on Invariance Prtnriples and Particle 
Physics, Price, Italy, July 13-28, 1968 (GZ 
1085) ; 6 months ; $637 _ 

Silverman, Leonard M. ; NATO Advanced 
Study Institute on ControUalfility and 06- 
servabUity, Bologna, Italy, July 1-9, 1968 
(GZ1067) ; 6 months; $841 

Gondreau, Gerald Lee ; NATO Advanced 
Study Institute on Engineering Analyses of 
V isco elastic Media, Stresa, Italy, August 21— 
September 1, 196 7 (GZ738) ; 12 months; $830 
Mel, Kenneth K. ; Symposium on Eleotro- 
magnetic Waves, Stresa, Italy, June 24—29, 
1968 (K004220) ; 6 months; $575 

Knh, Ernest S. ; International Symposluu. 
on Network Theory, Belgrade, Yugoslavia, 
September 4-7, 1968 (K004437) ; 6 months; 
$610 

University of California, Los Angeles 

Teh, Cavour ; Symposium on Electromag- 
netic Waves, Stresa, Italy, June 24-29* 1968 
(A004224) ; 6 months ; $875 

Coates, Donald A. • International Sympo- 
sium on Gondxoana Stratigraphy and Paleon- 
tology, Buenos Aires, Argentina, September 
26-October 15, 1967 (A1199) ; 6 months ; $783 
Smith, Emil L. \ Twelfth General Assembly, 
International Council of Scientific Unions, 
Paris, Prance, June 22— 27, 1968 (GF301) ; 

i month ; $1,060 ‘ < ‘v ' * 

Motzkin, Theodore S. ; Conference on Com- 
putational Problems in Abstract Algebra, Oaf- 
ford, England, August 2 B-Bepiember 2, 1967 
( GP7 768) ; v 9 ' months ; $726 •' V ■ V* ' 

Anet, f Frank A. L. ; Intemati onal Union of 
Pure and Applied Chemistry Symposium, 
Karlsruhe, Germany, September x 8-1 1* 1988 
(GP7768) ; 9 months ; $585 .X :S* V ■ v * ■ **• "* 
Baker, David i W; ; NATO Advanced Study 
Institute on: . Paleongeophysicei, Newcastlc- 
Upon-Tyne, . England, ; April \-l-6 ; 1968 

(GZ1011) ; 6 months; $688 

Capell, Alan J.;., NATO Advanced Study 
iTistitute on Far Infrared: Properties of Solids, 
Delft, The Netherlands, August 5-23, 1968 
(GZ1074) : 6 mCK&hs ; $552 X;. . 

Walter, ilhonahal CL ; Technical and Biological 
Problems of Osmond — An IF AC Symposium, 
Yerevan* U.B-&3L, September 2 4-2 8 , 196 8 

(K004439) ; 6 nwttte; -$i ,04© . vX- , 



University of California, San Diego 

Eisner, Robert ; Second SCAR Symposium 
on Biology, Cambridge , England, July 28- 
August 8, 1968 (A004315) ; 6 months ; $500 
Goodkind, John M. ; Eleventh International 
Conference on Low Temperature Physics, St. 
Andrews, Scotland, August 21—28, 1968 

(GP9085) ; 6 months; $707 

Johnson, Leonard B. ; NATO Advanced 
Study Institute on Palaeogeophyalcs, New- 
costle-Upon-Tyne, England, April 1—6, 1968 
(GZ1000) ; 6 months ; $590 
University of California, Santa Cruz 

Her big, George H. ; Variable Star Confer- 
ence, Budapest, Hungary, September 5-9, 1968 
(GP9090) ; 6 months ; $430 

Walker, Merle F. ; Variable Star Conference, 
Budapest, Hungary, September 5-9, 1968, 

Fourth Symposium on Photo electronic Image 
Devices , London , England, September 16—20, 
1968 (GP9102) ; 6 months; $894 
University of California, Davis 

Goldman, Charles R. ; Second SCAR Sympo- * 
stum on Biology, Cambridge, England, July 28- 
August 6, 1968 (A004314) ; 6 months; $768 
Devries, Arthur Leland ; Second SCAR 
Symposium on Biology, Cambridge, England, 
July 28— August 6, 1968 (A004319) ; 6 months ; 
$690 . 

Tamura, Takayuki ; Conference on Computa- 
tional Problems in Abstract Algebra, Oxford, 
England, August 29— September 2, 1967 

GP7787) ; 9 months ; $450 
Smith, Joe Mauk ; Fourth International 
Congress on Catalysis and Novosibirsk Sym- 
posium, Moscow and Novosibirsk, U.S.S.R., 
June 23-29, 1968 (K004148) ; 6 monttfs ; $650 
University of California, Irvine 

Shaw, Gordon L. ; XIV International Con- 
ference on High Energy Physics in Vienna, 
Austria on August 28-September 5, 1968 <GP 
9017) ; 6 months; $237 

Maradudln, Alexei A.; Visit Various In- 
stitutes and Universities in the Soviet Union 
During July— December, 1968 (GP9075) ; 10 
months; $1,500 
University of Chicago 

Parker, Eugene N. ; The COSPAR Eleventh 
Plenary Meeting, Tokyo, ■_ Japan* May 8-21, 
1968 (A001579) ; 6 months ; $854 

Rolzman Bernard :• International Congress 
, for Virology, Helsinki, Finland, ' July 14—20, 
(GB7060) ; 6 months ; $740 
Browder, Felix E. \ Conference on Functional 
Analysis, Rome, Italy, March 11—15, 1968 
(GP8207) ; 9 months ; $619 " , 

Bally, Walter L., Jr . ; Conference on Auto- 
morphio Functions or* Arithmetically Defined 
Groups Oberwolfach* Germany, July 28-August 
3, 1968 (GP8816) ; 6 months ; $689 

Hildebrand, Roger H. ; XIV International 
Conference on High Energy Physics** Vienna , 
Austria, August 28-September 2968 (GP 
8845) ; 6 months; $644 

Telegdi, Valentine L,; XI V International 
Go nference r on High Energy Phymtcs, Vienna, 
Austria, August. 28— September 5, 1968 (GP 
8847) ; 6 months ; $601 - ; ..XV- 

Douglas, David H., Jr. ; Eleventh Interna- 
tional Conference on Low Temperature Physios, 
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St. Andrews , Scotland , August 
(GP90S7) ; 6 months ; $500 

Dohlberg, Albert A. ; VIII International 
Congress of Anthropological and Ethnological 
Sciences, Tokyo , Japan , Sep t ember S-10, 1968 
(GS2137) ; 6 months ; $785 

Schneider, David M. ; VIII International 
Congress of Anthropological and Ethnological 
Tokyo, Japan, September 8—10, 1968 
(GS2179) ; 6 months ; $785 
Postmus, Clarence; NATO Advanced Study 
Institute on Ear Infrared Properties of Solids, 
Delft, the Netherlands, August 6—28, 1968 
(GZ1O79);0 months ; $413 ' 

Bengtson, Vern ; NATO Advanced Study In- 
stitute on Decision-Making and Age, Thes - 
Salonika, Greece, August 11—19, 1967 (GZ 
735) ; 1 month ; $1,069 
University of Colorado 

London, Julius ; International Radiation 
Symposium, Bergen, Norway, August 21— 28 
1968 (A001629) ; 6 months; $365 
r, Of* 8 ** 1 ^ Koy.Henry ; Meeting on Forbidden 
Radiations in Astronomical Bodies, Liege 
Belgium, June 24-26, 1968 (GP8438) * 6 

months ; $674 

University of Connecticut 
Bobbitt, James M. ; Fifth International 
Symposium on the Chemistry of Natural Prod- 
uots, London, England, July 8—18, 1968 (GP 
880.2) ; 6 months ; $429 

Schwartingr, Arthur E. ; Fifth international 
Symposium on the Chemistry of Natural Prod- 
ucts, London, England, July 8—18, 1968 { GP 
8813) ; 6 months ; $432 
University of Florida 

Adams, Dwight; Eleventh International 
Conference on Low Temperature Physics, St. 
Andrews, Scotland, August 21—28, 19 68 (GP 
9082) ; 6 months ; $442 • ; ^ ‘ 

University of Georgia. . ; ' 

Pelletier , f S. Wlllla ml Fifth international 
Symposium on the Chemistry of Natural Prod- 
ucts, London, England, July 8—X3, 1968 (GP 
8811) * 6 months ; $ 541 
University of Hawaii. ... .... 

_ Kuo, P. P. ; .International Symposium on 
Network Theory, Belgrade, Yugoslavia, Sep - 
tembcr-l-7, 1868 (K004436) ; 6 months ; $500 
University oih. Ho US ton y .?.. l 
Wlllcott, Max£ Robert ; International Union 
of Pure and Applied Chemistry Symposium, 
Karlsruhe, Germany, September 8-1L 1968 

<GP8851) ; 6 months; $553 : J; . , 

UNrVEHSlTY bF iLLlKOls ' ; i ? : / .V;- V. 

Sybeaina,. -Christiaan ; International \ Con- 
gress. ofPhotosynthesis Reaearoh,' Freuden- 
ttadt, Germany, ,,Jmme 4-8, 1968 (GB7659).; 

6 months ; $620 ^ ., s y ; V. , 

Gottlieb; David ; international Symposium 
on the Taxonomy oftSie Actinomyoetoles; Jena, 
Germany ,■ September 17-21, 1968 (GB7809) • 

6 months ; $640 l ?sT ;• r ; *? l v \ u<\ y • 

■ Yankwlch,' Peter IP. ; Fifth Symposium' on 
S table Isotopes; Leipzig, -Germany, October 22— 
89, 1967 ( GP7790 ) pll months ; $Q 14 vW 
Holonynk, Nick, Jr. To Visit Science Cen- 
ters in M oscow, 'Leningrad; and Kiev, U. SJ8Ut. 
(GP7821) ; 9 months ; $872v? ■ V*sw ;-:' ..-.a 



Axel, Peter ; International Symposium on 
Nuclear Structure in Dubna , U.S.S.R., July 4- 
11, 1968 (GP9113) ; 6 months ; $840 

Bruner, Edward M. ; VIII International Con- 
gress of Anthropological and Ethnological Sci- 
ences, Tokyo, Japan, September 3-10, 1968 
(GS2144) ; 6 months ; $815 

Dale, M. SImonich ; NATO Advanced Study 
Institute on Satellite Signal Propagation in 
the Ionosphere, Viareggio, Italy, June 10—22 , 
1968 (GZ1049) ; 6 months ; $301 

Bohan, Thomas L. ; NATO Advanced Study 
Institute on Paramagnetic Defects in Crystals, 
Ghe tt, Belgium, August £8-Septe m ber 8, 1967 
(GJi730) ; 1 month ; $582 

S chwebel, John C. ; NATO Advanced Study 
Institute on Computer Programming, Lyngby, 
Denmark, August 7-25, 1967 (GZ734) ; 1 

month ; $620 

Taylor, Charles E. ; JSME 196 7 Semi-Inter- 
national Symposium, Tokyo, Japan, Septem- 
ber 4-8, 19 67 (K00246S) ; 6 months; $750 
Aug, Alfredo H. S. ; CEB Symposium and 
Committee Meeting on Structural Safety, 
Lausanne, Switzerland, April 19-27, 1968 
(K0024D3) ; 6 months ; $580 

Karara, H. M. ; Eleventh International Con- 
gress of Photogrammetry, Lausanne, Switzer- 
land, July 8-20, 1968 (K004295) ; 6 months; 
$465 

University of Illinois, Chicago Circle Cam- 
pus 

Milgram, Richard J. ; Conference in Alge- 
braic Topology; - Oberwolfach, Germany, Au- 
gust 29— September 10 , 19 6 7 (GP7763) * 9 
months ; $553 * \ ■ 

Hartnett, James P. ; JSME 1967 Semi-Inter- 
national Symposium, Tokyo, Japan, Septem- 
ber 4-8, 19 67 (K002469) ; 6 months; $J>30 
University of Iowa 

Lonngren,-Karl 0. ; Symposium on Electro- 
magnetic Waves , Stresa, Italy, June 24—29. 
1968 (A004225) ; 6 months ; $490 

Oliven, Melvin N. ; NATO Advanced Study 
Institute on Aurora and Airglow, As, Norway, 
July 29-Auguat 9 , 1968 (GZ1041) ; 6 months ; 
$484 ' _ ’ u ; \ , 

University of_Kansas ‘ V". 

Telchert, Curt ; First International Sym- 
posium on Gondwana Stratigraphy and Pale- 
ontology, Mar iLel Plata, Argentina, Septem- 
ber 2 S-Octo ber-:4, 1967 (A1182) ; ll months : 
$698 , . ‘ •? ' 

University OF^ Louisville 
Gonkln, James E. ; Sixth InterndtiaemKOon- 
gress of Carboniferous Stratigraphy amd Geol- 
ogy, Sheffield, England, , September 11 — 23 , 
1967 (A1180)c.r42 months ; $285i a 
University chtAIaryland rJ ■. 

Lipplncott,- Hills R.; Fir International 
Codata Conference > Arnold* ain, Germany, 
June 80-Jul V 6, 1968 (GP882S) : 6 manths : 
$325 :',i\ .. * ... -J ■ . . 

University of Massachusetts 

Kbxrbz, Prank E. ; Fifth Symposium on 
Stable Isotopes,' Leipzig 'Germany, October 
22-29, 1967 CGP7791) ; 12S months ; $501 
University op Mjaiii : ; : ; ' 

Plsher, David E. Symposium on Meteorite 
Research, Vienna, Austria, August 7— IS, 1968 
(A004357) ; 6 months ; $773 
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University of Michigan 

Bcnniughoff, William S. ; Second SCAR 
Symposium on Biology , Cambridge , England , 
July 28 -August 6, 1968 (A004307) ; 6 months ; 
£353 

Plranlan, George ; Conference on the Theory 
of Functions of a Complex Variable, Ober- 
wolfach, Germany, March 17—23, 1968 (GP 
8206 ) ; 9 months ; $522 

l>uren f Peter L. ; Conference on Complex 
Function Theory, Oberwolfach, Germany, 
March 17-24, 196 8 (GP8203) ; 6 months; 

$250 „ 

Gehrlng, Frederick W. ; Conference on Com- 
plex Function Theory, Oberwolfach Ger- 
many, March 17-24, 1968 (GP8204) ; 0 

months ; $272 

JhewlB, Donald J. ; Conference on Analytic 
Number Theory, O&crmol/ae/t, Germany, March 
25-30, 1968 (GPS434) ; 6 months; $322 

Chagnon, Napoleon A. ; XII International 
Congress of Genetics, August 19-28, 1968, 
Kyoto, Japan, and VIII International Con- 
gress of Anthropological and Ethnological Sci- 
ences, September is— 10, 1968, Tokyo, Japan 
(GS2130) ; 6 months; $815 

Gogol, Eugene M.; NATO Advanced Study 
Institute on Control Mechanisms in Molecular 
Biology, Bergen, Norway, May 20-30, 1068 
(GZ1023) ; 6 months ; $413 

Clark, John A. ; JSME 1967 Semi- Interna- 
tional Symposium, 2'okyo, Japan, September 
4-8, 1967 (K002467) ; 6 monthB; $770 

Stroke, George * W. ; Science and Humanism 
BietidZ, Sao Paulo, Brazil, October 15 -Novemj- 
ber 15, 1967 (K002484) ; 0 months ; $1,075 
Denton, Frank; Science and , Humanism 
Biendl, Sao Paulo, Brazil, October p -Novem- 
ber 24, 1967 (K002485) ; 0 months; $2,230 ; . 

. Parravano, G. ; Fourth . International Con- 
gress on .Catalysis, Moscow, .7J.S.S,R» t June 
23 -July S, 1968 (K00414 7) ; 0 months ; $000 
Carpenter, John M. ; Symposium on Neutron 
Inelastic Scattering, Copenhagen, Denmark,, 
May 2 0-2 9, 1968 > (K004 170 ) ; 6 months ; $413 
University of Minnesota. ; y ■ ....y 7 

Sin iff, Donald B. .SecondSCARSymposium 

on Biology, Cambridge, England, July 2 8- Au- 
gust 6, 1968 (A004297) ; G months ; $376 
Frick a on, Albert W. ; Second. SCAB Sym- 
posium on- Biology , Cambridge, .England, July 
US-August 8 ,. [1068 ( A004299) ; 6 months ; 

$275 *• 

Luxury, Bufus ; Second ; Lacum Conference 
on Hemoglobin, Home, Italy, June 12-25, 1968 
(GB7635) S 6 months ; $750 

Sobel, Milton ; CoUoqnium mm Information 
Theory, Debrecen, Hungary, September ID— 24 , 
1907 (GP7 7 TX) 0 months ; $204: 

Belch, Edgar ; Conduct Research at the 
University of Zurich, Switzerland (GES818) ; 
j months; $080' : 'Y' 

Chacon, Van fieveren ; Sytnposiwm cm Ergo - 
dio theory, Oberwolfach; Gertamny, A.ugust 
4—10, 1968 (GPS 108)*; 6 months^; $686’ 

Vellott, John I., Jr., NATO Advanced Study 
Institute on- Technique and Results in the As- 
sessment of Short-Term Memam, Cambridge, 
England, July 3 O-August 12. ~TM »7 (GZ725) ; 
1 month; $580 



Gollwitzer, Herman Ernest; NATO Ad- 
vanced Study Institute on Differential Equa- 
tions, Edinburgh, Scotland, September 11—23 , 
1967 (GZ742) ; 6 months ; $340 

Lawyer, J. E. ; Eighth International Mineral 
Processing Congress, Leningrad, U.S 
June 10-15, 1968 (K002489) ; 0 months ; $840 
Dahler, John S. ; Conference of the Fachaus - 
schusz Fur Thermodynamik and Statistsche 
Mechanik, Berlin, West Germany, March 18 - 
23, 1968 (K0O2490) ; 6 months; $025 

Aria, Kntherf ord ; Fourth European Sym- 
posium on Chemical Reaction Engineerings 
Brussels , Belgium, September 9-11, 196B 

K010173) ; 6 months ; $570 
University of Missouri, Columbia 

Muhlestein, Lewis Def ; Symposium om 
Neutron Inelastic Scattering , Copenhagen^- 
Denmark, May 20—25, 1968 (GP8441) ; 2b 

months ; $587 _ . , 

Noteboom, WUliam D. ; NATO Advanced 
Study Institute on Control Mechanisms in 
Molecular Biology, Bergen, Norway, May 20— 
SO, 1968 (GZ1020) ; 6 months; $455 
University of Missouri, Bolla 

Kusche, Edmund W. Jr. ; International Spin- 
posium on Metastable Phases Properties, Pan ^ 
France, July 8-12,1968 (AOO1042) ; 6 months^ 
$681 

Kreldl, Norbert; Symposium on Coloured 
Glasses, Prague, Czechoslovakia, fifeptcmlwer 
13-15, 1967 (K002477) ; 0 months; $700 

— — ; Eighth International Congress or” 

Glass, London, 1 England, July 1—6,. 19fiiS 
(K0043C1) ; 6 months; $550 

UNIVERSITY of North CAROLINA, Chapel HEEL. 

Ripperton, Lyman Ai ; International Ozonx 
Commission Symposium, Marseilles, France, 
September 2—7, 1968 ' (A001644) ; 6 months:; 
$546 . 

Bollltzer, William S. ; VIII International 
Congress of Anthropological and Ethnologiczok 
Sc iences, Tokyo, Japan, September 3— 10, li^fioS 
(GS2139) ;6 months ; $890 
University of Nebraska „• . , 

V Smith, Kenneth ; international Symposium 
on Physics of One- and Two-Electron A tonm, 
Mtinicht Germany ; September 9-1 3, 196 8 (Sr 
9008) ; 6 months ; $603 ' . ■/- , 

University of New Hampshire r . 

Frost, Albert DV; International Symposuan. 
on the Total Solar Eclipse of November XE,, 
1966, Sao Jose Dos Campos, Brasil ; February; 
5^11, 1 968 (A1351) ; 12 mon tlis ; $551 
University of New Mexico , } J 

Brelland, John G. ; Inieritational Ozone Xhuot- 
mission Sytrip osium, Marsei lies, France, Sep- 
tember 2-7, 1968 (A001630) ; 0 1 months ; 5321 

Peterson, Alan W..; International Sapm- 
posium on the Total Solar Eclipse of Novim* - 
ber 12, 1966, Sao Jose Boa Cawiposy Biual-, 
February 6—11^ 1968 (A1840) ;* 12 months' 

$710 . : 

Blum, Jnllns B. ; Symposium on Hrgn&zj; 
Theory, Oberwolfaoh, Germany, August 
1968 (GP9100) ; 6 months ; $782 m 
^ Bpuhler, JE N. ; V777 International Congtamr 
of Anthropological and Ethnological firdemam. 
Tokyo, Japan; September 3-10, 1968 tfi? s 

2120) ; 6 mouths; $700 
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University o f Notre Dame 

Kenney, V. Paul ; XIV International Con- 
ference on High Energy Physics in Vienna , 
Austria on August 2 8-tfep tember 5, * 968 (GP 
9074) ; 6 months ; $482 

Carberry, J. J. ; Fourth International Con- 
gress on Catalysis and Novosibirsk Sym- 
posium, Moscow and Novosibirsk, Z7.Jg.fif.iS-, 
June 28-29, 1968 (K002500) ; 6 months; $980 
University of Oklahoma 

Dryhnrst, Glenn ; Second Society for 
Analytical Chemistry Conference, Notting- 
ham, England, July 15-19, 19G8 (GP9008) ; 0 
months ; $644 
University of Oregon 

Morris, Robert W. ; Second SCAR Sym- 
posium on Biology, Cambridge, England, 
July 28— August 6, 1968 (A0O4313) ; 6 months ; 
$550 

Harrison, David K. ; Meeting on Rings 
Modules and Homological Methods, Ober- 
tcolfach, Germany f March 8-8, 1968 (GP 

8232) ; 9 months ; $581 

Starr, Patricia R. ; NATO Advanced Study 
Institute on Control Mechanisms in Molecular 
Biology, Bergen, Nortcag , May 20-80, 1968 
(GZ1021) ; 6 months; $690 
University of Pennsylvania 

Rim, Dock S. ; Meeting on Rings Modules 
and Homological Methods, Obcrwolfach, Ger- 
many, March 8-8, 1968 (GP8235) ; 9 months; 
$262 ' ' • 

Middleton, Roy ; International Symposium 
on Nuclear Structures to Dubna, U.S.S.R., 
July 4-11, 1968 (GP8945) ; 6 months; $793 
Wood, Frank Bradshaw ; Variable Star Con- 
ference, Budapest , Hungary/, September 5—9, 
1968; Golloguium on Mass Loss From Stars, 
Trieste, Italy, September 12-17, 1968 (GP 
9080) ; 6 months ; $600 

Gorn, Saul; International Federation for 
Information Processing, Sardinia, Italy, Sep- 
tember 6-8, 1967 (J000001) ; 7 months; $357 

— — Second Meeting, of International 

Committee for the Study of Programming Lan- 
guages, Copenhagen ; Denmark, July 22-26, 
19 68 ( J 00 0324 ) ; 6 months ; $585 

Krodel, Ezra S . ; Technical ' and Biological 
Problems of Control — Ari IF AC Symposium, 
Yerevan, Z7jS.fif.i2., September 24—28, 1968 
(K004441) ; 6 months ; $825 ^ fv 

University . of Pittsburgh?.,! !•• 

Coetzep, J_ v F. ; Study , at . the Maw Planck 
Institute for Physical Chemistry, Gottingen, 
Germany, May 1, 1968-January 1, 1969 (GP 
8091 ) ; 1 8 months ; ;$545 ~ ? 

Fite, Wade Xj. i International Symposium on 
Physics of One- and Two-Electron Atoms, 
Munich, Germany, September 9-15, 1968 (GP- 
0069) ; 0 jnontbis ; $576 
University of Rhode, Island 
. Vetellno, John F. ; NATO Advanced Study 
Institute on Far Infrared Properties of Solids, 
Delft, The. Netherlands, August ; 5-28, 1968 
(GZ1077) months ; $330 
University of Rochester --- ; ? . 

Saunders.- William H. Jr. ; Fifth Symposium 
on Stable Isotopes; Leipzig, East Germany, 
October 22-89, 1967 (GP7792).;, 11 months ; 
$544 



Montroll, E. W. ; International Symposium 
on Contemporary Physics, Trieste , Italy, 
June J9t>8 (GP8437) ; 12 months; $25,000 
Feldman, Isaac; Second Ini emotional Sym- 
posium on Nuclear Magnetic Resonnacc, Sao 
Paulo, Brazil, July 8-11, 1968 (GP8801) ; 6 
months ; $627 

Fulbright, Harry W. ; International Sym • 
posium on Nuclear Structures, in Dubna, 
Z7.fif.tf.J2., July 4-11, 1968 (GP8947) ; 6 

months ; $815 

I/ubln, Moshe Joel; Third Symposium on 
Plasma Physics and Controlled Nuclear 
Fusion Research, Novosibirsk, Z7J8.tf.J2., Au- 
gust 1-7, 1968 (GP9073) ; 6 months; $755 
Armstrong, Michael F. ; NATO Advanced 
Study Institute on New Trends in Program- 
ming, New Applications and Language 
Theories, Copenhagen, Denmat'k, August 12— 
24 , 1968 (GZ1078) ; 6 months; $306 

Su, Gouq-Jen ; Eighth International Con- 
gress on Glass, London, England, July 1-6 , 
1968 (K004359) ; 6 months; $4S5 
University of South Carolina 

Durlg, James R. ; Ninth European Congress 
on Molecular Spectroscopy, Madrid, Spain , 
September 10-15, 196 7 (GP7732) ; 10 months ; 
$566 

Bragin, Joseph ; NATO Adanced Study In- 
stitute on Far Infrared Properties of Solids, 
Delft, Netherland, August 5-28, 1968 

(GZ1070) ; 6 months; $388 
University of South Florida 

Dewitt, Hugh H. ; Second SCAR Symposium 
on Biology, Cambridge, England, July 28- 
August 6, 1968 (A004362) ; 6 months ; $396 
Eicbhorn-Von Wurmb, H. K Meeting on 
Satellite Photographic Plate, Reduction, 
Prague, Czechoslovakia, April 22-27, 1968 
(GP8439) ; 9 months $554 

Brooker, H. Ralph ; NATO Advanced Study 
Institute on Nuclear Quadruple Resonance 
tfpecfroacopy (GZ758) ; 1 month ; $672 
University of Southern California 

Ingle, James C., Jr., International Confer- 
ence on Planktonic > Microfossils, Geneva , 
Switzerland, September 27 -October 3, .1967 
(A1253) ; 6 months; $480 

Servis, Kenneth Ii. ; Second International 
Symposium on Nuclear Magnetic Resonance, 
Sao Paulo, Brazil, July 8 - 11 , 1968 (GP8709) ; 
6 months ; $628 

Dows, David A. ; Fo urth <3f ol ecula r Crystal 
Symposium, Enschede, Netherlands, July 8-12, 
1968 (GP8854) ; 6 months ; $768 

Ingersoll, Alfred C. ; The III Pan American 
Congress on Engineering Education, Panama 
City, Panama, August 11-17, 1968 (GZ1029) ; 
6 months ; * $324 ■ . 

Carlson, Robert W. ; NATO Advanced Study 
Institute on Aurora and Airglow, As, Nortoay, 
July 29-August 9, 1968 (GZ1051) ; 6 months ; 
$02i. .... ■ ?!. 

University of Texas, Austin 

Mackin, J. Hoover ; Congress, International 
Association Hydrogeologists, Istanbul, Turkey, 
September 10-22, 1967 ( All 85) ; 13 months ; 
$700 . -i:.. Vi.- 

Wagner, Robert P. ; Symposium on Nuclear 
Physiology and Differentiation, Belo Horizonte, 
Brazil, December 1-6, 1968 (GB7823) ; 12 
months ; $4,800 ’ ■; . 
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Bailey, Philip S. ; International Symposium 
on the Chemie Der Organischen Peroxide , 
East Berlin , Germany, September 13— IS, 196 7 
(GP77G9) ; 10 months; $728 

Cornell, John B. ; VIII International Con- 
Oress of Anthropological and Ethnological 
Sciences, Tokyo , Japan, September 3-10, 196 8 
(GS2131) ; 6 months ; $785 
University of Utah 

Grant, David M. ; Second International Sym- 
posium on Nuclear Magnetic Resonance, Sao 
Paulo , Brazil, July 8-11, 1968 (GP8808) ; 

6 months ; $409 
University of Virginia 

Fredrick, UaTtr^nce W. ; International Con- 
ference on laboratory Astrophysics, Septem- 
ber 3—6, 1968, Luteren, Netherlands j Meeting 
on Photoelectric Image Devices, London, Eng- 
land, , September 16-30, 1968 (GP90fO) ; 6 
months ; $550 

University of Washington 

Hobbs. Peter V.; Intm'natlonai Symposium 
on Physics of Ice, Munich, Germany, Septem- 
ber 9 - 14 , 1968 (A001627) ; 12 months; $865 
Ugollnl, Florenzo C. ; Second SCAR Sympo- 
sium on Biology, Cambridge, England, July 88- 
August 6, 1968 (A004393) ; 6 months ; $696 
Denfant, Claude ; Second SCAR Symposium 
on Biology, Cambridge, England, July 88— 
August 6, 1968 (A0O4804) ; 6 months ; $696 
Dayton, Paul K. ; Second SCAR Symposium 
an Biology , Cambridge, England, July 88— Au- 
gust 6, 1968 (A0O4311) ; 6 months; $521 
Genetics Society of America 

Stadler, David R. ; Twelfth International 
Congress of Genetics, Tokyo, Japan, August 
19-88, 1968 (GB7816) ; 12 months; $20,000 
University of Washington 

Arsove, Maynard O.; Conference on the 
Theory of Functions of a Complex Variable, 
Obenoolfach, Germany , March 17—83, 1968 
(GP8205) ; 9 months; $690 

Kunstadter, Peter; VIII Lvternational Con- 
gress of Anthropological and Ethnological Sci- 
ences, Tokyo, Japan, September 3—10, 1968 
(GS2138) ; 6 months ; $490 

Swindler, Darts R. ; VIII International Con- 
gress of Anthropological and Ethnological Sci- 
ences, Tokyo, Japan, September 3—10, 1968 
(GS2143) ; 6 months ; $660 

Wulbert, Daniel B. ; NATO Advanced Study 
Institute on Theory amd Application of Mono- 
tone Operators, VetU ce, Italy, June 17—30, 
1968 (QZ1058) ; G months ; $780 

WolaSc, Jan ; Eighth International Machine 
Tool Dmign and IResearch Conference, Man- 
chester, England, September 18—15, 1967 

(K0024T5) ; 6 months ; $594 
University of Wisconsin, Madison 

Black, Robert F. ; IGU Commission on the 
Evolution of Slopes and on - Periglaotal Get o- 
morpholmgy, Wroclaw, Lodz, Krakow, Poland, 
September 80—30, 1967 (A1184) ; 12 months; 
$706 

Dott, Robert H. ; International Symposium 
on Continental Drift and the South Atlantic 
Ocean, Montevideo, Uruguay, October 16—19, 
1967 (A1262) ; 6 months; $648 

West, Robert C-, Jr. ; Second International 
OrganosUicon Symposium, Bordeaux, France, 
July 9-18, 1968 (GP8131) ; 6 months ; $581 
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Osterbrock, Donald EJ. ; Meeting “Forbidden 
Radiations In Astronomical Bodies/* June 84— 
86, 1968, Liege, Belgium (GP8440) ; 6 months ; 
$582 

Robinson, John T. ; VIII International Con- 
gress of Anthropological and Ethnological Sci- 
ences, Tokyo, Japan , September 3-10, 1968 
(G92140) ; 6 months ; $675 

Uhr, Leonard ; International Pattern Recog- 
nition Meeting, Delft, the Netherlands, Au- 
gust 18-15, 1968 (J000323) ; 6 months ; $428 

VASSAR COLLEGE 

Clark, Patricia A. ; NATO Advanced Study 
Institute on Quantum Theory of Reactivity of 
Organic Molecules, Menton, France, July 4—19, 
1968(GZ1025) ; 6 months ; $592 
Virginia Polytechnic institute 

Benoit, Robert B. : Second SCAR Symposium 
on Biology, Cambridge, England, July 88— Au- 
gust 6, 1968 (A004318) ; 6 months ; $371 
Washington State University 

Dnvall, George EL; International Union of 
Theoretical and Applied Mechanics Sym- 
posium, Paris, France, September 11—15, 1967 
(K002472) ; 8 months; $650 

; (K002472 001) ; $45 

Washington University 

Bennett, John W. ; VIII International Con- 
gress of Anthropological and Ethnological Sci- 
ences, Tokyo, Japan, September 3—10, 1968 
(GS2126) ; 6 months ; $525 
Water Pollution Control Federation 

Fnbrman, R, E. ; International Conference 
of the Institute of Water Pollution Control, 
Bast London , South Africa, May 13—87, 1968 
(K002499) ; 6 months ; $930 
Wayne State University 

Der Hovanesian, Joseph; Symposium on the 
Engineering Uses of Holography, Glasgow, 
Scotland, September 17—80, 18S8 (K004414) ; 
6 months ; $460 
West Virginia University 

Slack, John M. ; Intemts&amal Symposium 
on the Taxonoszy of the Asotin omyce tales, 
Jena, Germany, September 17— 21, 1968 (GB 
T81A) ; 6 months^ $600 
WMpnw BianagtUHiraMgg 

Tkmglas, Robert G. ; Inmamtional Confer- 
ence ton Planktonic MtaxafaesUs, Geneva, 
Switzerland, S eptem ber - TS^Ontober 4» 1967 
(A133SB) ; 8 momte; $530 
Rasttad, Ronald! C. ; NATO Advanced Study 
Ins&mte on Microbeam- and Partial Cell 
IrradkaHon WithAmeittarysTeohniQues, Cannes, 
Fromm, Sepdembmr 80-88^1967 (GZ757) ; 12 
moxthm.;$551 
WO UUUR P COLLEGE 

Stephens, B. '€3L - SecondZBoaiety for Analyti- 
cal 3 Ghemistry X^amferencc,. Nottingham, Eng - 
l and,* July 15-19, 1968 (GP9D10) ; 6 months; 
$590 

Yales UNiVEESsaer 

Crompton, A^ W. ; ParWalZBupport of Travel 
To Attend First International Symposium on 
Gondmana Stratigraphy and Paleontology, 
Mar Mel Plata, Argentina,. September 87- 
Ootofcer 4, 1967 (GBQ9®) 4 » months ; $370 
Hsiang, Wu-Chung ; Conference in Algebraio 
Topology, Obenoolfach , (G erman y, August 89— 
September 10, 1967 (GPTT62)-? 9 months ; $826 
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Fnoss, Raymond M. ; Second Australian Con- 
ference on Electrochemistry, Melbourne , Aus- 
tralia (GF7054) ; 11 months ; $670 

Smith, Allan L,. ; International Conference 
on Optical Pumping and Atomic Line Shape, 
Warsau >, Poland , June XS-X8, 1968 (GP9047) ; 
6 months ; $835 

Conklin, Harold C. ; Eighth International 
Congress of Anthropological and Ethnological 
Sciences, Tokyo, Japan, September 3—10, 1968 
{ GS 2128) ; 6 months; $865 
Alper, Joseph 8.; NATO Advanced Study 
Institute on Molecular Beams and Reaction 
Kinetics, Vcrenna, Italy, July 89-August 10, 
1968 (GZ1062) ; 6 months; $364 



Yeshiva University 

LipBicaa, Max ; Second International Sym- 
posium on Nuclear Magnetic Resonance, Sao 



Paulo, Brazil, July 8-11, 1968 (GP8802) ; 

6 months ; $522 

French, Joseph H. ; NATO Advanced Study 
Institute on Pathological Neurochemistry, 
Coimbra , Portugal , July 8-15, 1967 (GZ722) ; 
Vmonth; $456 ♦* : 

Goldstein, Martin; Eibhfh International 
Congress on Class, London?*&ngland, July 1-6, 
1968 (K004360) ; 6 months; $445 
Inmviduai* Award 

McLeod, John H, ; Seventh International 
Conference on Medical and Biological Engineer- 
ing, Stockholm, Sweden,' August 14-19, 1967 ; 
Fifth Congress of the International Associa- 
tion of Analog Computers, Lausanne, Swit- 
zerland, August X 8— September Z, 1967 
(K002465) ; 6 months ; $8d5 
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List of Grants and Contracts Awarded for Science Information Activities, 
Fiscal Year 1963 Through: Fiscal Year 1968 

With reference to the following lists, attention is called to the fact that the 
program activity areas, under which grants and contracts are grouped vary from 
year to year to reflect the changing categories as presented in the Foundation s 

annual budget requests. , , ,, 

Each award listing provides information regarding the amount awarded, the 
grantee organization, the title of the project, the award number, followed by the 
award date and the project’s duration. A distinction as to the award mechanism 
used can easily be made ; e.g., each award number is preceded by “G” for grant, 
“C” for contract, and an occasional “P.O.” for purchase order. 










75 ;,. 
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PRO CHAM/ACTIVITY summary 
SCIENCE INFORMATION ACTIVITIES 
FISCAL YEAR 1%3 



DOCUMENTATION RESEARCH 



Information Needs of Scientists 



♦ 94,185 
69,900 
48,600 
3A .100 



AMERICAN INSTITUTE OF PHYSICS, "Documentation Research Project," 

GN-120 , 5/21/63, 1 yr. 

AMERICAN PSYCHOLOGICAL ASSOCIATION, "Coordinated Study of 'Information 
Exchange in Psychology," G-18494-1, 9/25/62:, 2 mos. ext. 

DREXEL INSTITUTE OF TECHNOLOGY, "Research on Engineers' Use of Informa- 
tion S ource s , " GN-170, 6/24/63, 1 yr. 

LEHIGH UNIVERSITY, "Studies in the Methodology of Measuring Informa- 
tion Requirements and Use Patterns," GN-22, 9/11/62, 2 yrs. 



Ifif 

♦ 20,500 
75,000 
4*148 
36,149 
64,920 
16,200 
475 

24,048 

59,900 



i Organisation ai*i Searching 

CAMBRIDGE LANGUAGE RESEARCH UNIT, "New Techniques for Classification: 

The Theory of Clumps," GN-112, 3/29/63, 1 yr. 

COMMERCE DEPT ./National Bureau of Standards, "Research on Picture and 
Language Processing," GN-107, 3/26/63, 1 yr. 

ENGINEERS JOINT COUNCIL, "Study of Engineering Terminology and Relation- 
ships Among . Engineering Terms," G-24836.1, 3/12/63 

HARVARD UNIVERSITY, "Research on and Evaluation of Some Models for 
Automatic Document Retrieval Systems," GN-82, 12/28/62, 1 yr. 

INFORONICS USE., "Machine Recording of Textual I nf ormation During the 
Public ation: of S cientific Journals," C-315, 1/26/63, 1 yr. 

LEHIGH UNIVERSITY, "Mathematical Theories of Relevance with Respect, to 
the Probl^nw-idf. Indexing, " GN-177, 6/29/63 , 2 yrs. 

NATIONAL BEMBHISIL RESEARCH FOUNDATION, "for the purchase of 500 copies 
of Select* ^ of the International Geophysical Year: An 

Example of T»a^ggaex Formats . " P.0. 63-7A1. 2/26/63 

SYSTEM DEVElfiSS|gjfir7C0RF0RATI0N, "Steps- Toward the Establishment of 

Comput er-SS *uiwed XIassif 1 cation System for Scientific Documentation," 
GN-73, I 1^3G^62,_a y r. 

"WESTERN pT^***^ ~ lihtjtv K h^ttYj "Automatic Processing of Metallurgical 
Abstracts .fmr^ttea^ Purpose of Inf ormation Retrieval, " GN-156, 

6/15/ 63 ,.1'135 



M echanical Translation 
♦249,000 
235,450 



♦ 100,000 

152,084 

200,000 



Tests and Evaluation of J^w. Techniques 

♦ 19,416 HERNER AND CCu e .”"A Study of the Character and Degree of Use of the AICKE 
nhaminal . Ennsnae rino- T^ qsaurus and the Index Data Provided for Articles 
in Chemical Bngineering Progress ." 0296, 10/30/62, 9 moo. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, "Technical Information System: 
Phas e Tbo , " GN-1ZL, 5/21/63, 1 yr , 

UNIVERSITY OF^PENNSZLVANIA, "Analysis of Chemical Notations," GN-161 , 
6/15/63, 2 



THE UNIVERSITY^OF CGfiLIFORNIA/Berlceley, "Research on Machine Translation 
and Re lated Unfcm aation Systems, " GN-92, 2/1/63, 18 mos. 

HARVARD UHIVEESXTI,. '"Automatic Translation and Mathematical Linguistics," 
GN-162. 6/29/63, l6 mos. - j p 

THE OHIO STA ^K aHU IVEHSITY RESEARCH FOUNDATION, "Research on Syntactic 
Analysie, n lEEra.74^- 6/24/63, 30 mos. 

RAWD-WOOI£SUlnHI^,A_Ddvision of Thompson Ramo -Wooldridge, Inc., "Computer- 
Aided Re 3 e ff -r rV ln- Machine Translation," C-233.2, 3/1/63, 1 yr. 

THE UNIVIiiSITYTTF TEXAS , "Development of a Linguistic Computer System," 
GN-54, 9/27/62, 1 yr. 



74,746 

341,800 



State-of-the-Art Surveys and Researc h Information Centers 



$ 17,250 

95.000 

11.000 

53,250 

2,000 

10,000 



50,223 

23,550 

200,000 



C0MMER0E DEPT. /National Bureau of Standards, "Hesearoh^nf ormation Center 
and Advisory Service on Information Processing, GN-119, 5/Z5/&»± 
COMMERCE DEFT. /Office of Technical Services, "Service to Assure Avail 
ability of Publications Listed in Current Research and Development in 
Scientific Documentation," GN-43, 10/1/62, 1 yr. „ 

COMMERCE DEPT./Patent Office, "Foreign Research Associates Program, 

DOCm^ATION^C^^for the purchase of 500 additional copies of The 
State of the Art of Coord -lnate Indexing , P.0. 63 252, 9 /^? 2 

HERNER AND CO., "for services to be performed in Assisting in the 
^Preparation of an Indexed Bibliography of Reference to all Reports and 
Publications Cited in the NSF/OSIS Publication, Current Research . an d 
Development in Scientific Do cumentatio_n, Issues No. 1 thru 11, 

RAMO-VOOLDMDGe! ^Division of Thompson Pamo-WooMridge ,In^ Study 
Concerning the Establishment of a Ci^nter to Collect and Provide Text 

in Machine-Usable Form," C-320, 8,20/63, 4 J 00 ^* nT-rranization 

RUTGERS, THE STATE UNIVERSITY, "Seminars on Systems for the Organization 

of Information," GN-99, 2/20/63, 1 yr. ^ ^ ^ . - 

WAYNE STATE UNIVERSITY, "Comprehensive Electronic Data Processing oi 
Two Russian Lexicons," GN-159, 6/15/63, 2 yrs. 



FOREIGN SCIENCE INFORMATION 



Translations 



$ 49,071 
23,980 
115,685 



32,000 

49,000 

34,830 

19,235 

23,870 

41,620 

128,577 

139.200 
129,500 

$ 477651 * 

68,724 

34,067 

12,213 

75,090 

12,554 

10.200 
2,415 



Domes tic/ Slavic : 

ACTA METALLURGICA, "Translation and Publl cation of the 1962 Issues of 
Four* Russian Journals: Metallurgy MI TON; Ogneupory; and Physics of 

Metals and Metallography," G-25109, .7/23/62, 1 yr. 

AMERICAN GEOGRAPHICAL SOCIETY, "Translation and Publication of Soviet 
Geography; Rev lev and Translatio n for Calendar Year 1963, 51 
GN-72, 11/15/62, 1 yr. 

AMERICAN GEOLOGICAL INSTITUTE, "Publication of (A) Vol. V, 1963, 

International Geology Review; (B) Translation of 3 Russian Journals, 

Izvestlya-Geology Series . Soviet Geology , and Paleontological Journal , 
for Publication of Selected Articles In IGF, including Selective 
Translations and Abstracts from Geological Materials of Other Foreign 
Languages; and (c) Translations Screening and Information Services," 
GN-164, 6/24/63, 1 yr. 

AMERICAN GEOPHYSICAL UNION, "Translation and Publication of Russian Works 
in Oceanography: The Oceanology Sections of Doklady and the Trudy of 

the Marine Hydra physical Institute," GN-84, 1/9/63, 2 yrs. 

AMERICAN GEOPHYSICAL UNION, "Translation and Publication of the 1963 
Issues of Igy estiva . Geophysics Series," GH-87, 1/22/63, 1 yr. 

AMERICAN GEOPHYSICAL UNION, "Translation and Publication of Vol. 2, 

Nos. 4-6>, 1962, and Vol. 3, Nos. 1-6, 1963, of the Journal, 

Geomagnetism and Aoronomy . USSR," GN-108, 4/4/63, 18 mos. 

AMERICAN GEOPHYSICAL UNION, "Translation and Publication of Soviet 
Hydrology: Selected Papers . Russian Literature for 1963," 

GN-126, 5/6/63, 15 mos. 

AMERICAN GEOPHYSICAL UNION, "Translation and Publication of the 1963 
Issues of the Russian Jour nal , Geodesy and Aeraphotography , " 

GN-130, 6/12/63 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS, "Translation and Publication 
of the International Chemical Engineering Journal ," GN-122, 

5/8/63, 8 moe. 

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS, "Translation and Publication 
of the 1962 Issues of Three Russian Journals: Radio Engineering ; 

Radio Engineering and Electronic Physics : and Telecoronrunlcatlona , n 
GN-24, 10/23/62, 1 yr. 

AMERICAN INSTITUTE OF PHYSICS, "Translation and Publication of the 1962 
Issues of Eight Russian Journals: Acoustics; Astronomy; Technical 

Physics; Solid State Physics; JETP; Uspekhij Crystallography; and 
Doklady, Physics Section," G-25107, 7/33/62 

AMERICAN INSTITUTE OF PHYSICS, "Translation and Publication of the 1963 
Issues of Eight Russian Journals: Acoustics; Astranony; Technical 

Physics; Solid State Phyelcs; JETP; Uspekhi; Crystallography; and 

Doklady, Physics Section," GN-143, 6/10/63, 1 yr. 

AMERICAN MATHEMATICAL SOCIETY, "Translation and Puibli catioiTof Volume III, 
1962 Issues, of the Russian Journal, Soviet Mathematics — " 
G-20083.1, 9/13/62, 18 mos. 

AMERICAN MATHEMATICAL SOCIETY, "Program for Selected Translations of Math© 
mat leal Research Articles from the Russian and Other Languages," 
G-20115.1, 9/13/62, 1 yr. 

AMERICAN MATHEMATICAL SOCIETY, "Translation of Six Russian Mathematical 
Books GN-57, lO/il/62, 1 yr. 

AMERICAN METEOROLOGICAL SOCIETY, "Translation and Publication of the 
Russian Book, Investigation of Clouds, Precipitation and Thunderstorm 
Electricity," GN-100 , 2/13/63 , 6 mos. 

AMERICAN ROCKET SOCIETY, INC., "Selected Translations of Russian Material 
in the Field of Astronautics," GN-19, 9/13/62, 1 yr. 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, "Publication in English of 
Vols. 15 and 16, Russian Serial, Friction and Wear in MahM n gt-tr, » 

GN-136, 6/12/63 

ANNUAL REVIEWS, INC., "Preparation and Publication of Selected Reviews of 
Russian Science," C-120.2, 11/9/62, 1 yr. 

COLUMBIA UNIVERSITY; ,f Revlew and Translation of Articles Published in 
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6,100 

82,396 

13,000 

83,000 

27,078 

56,701 

4,ooo 
62,816 
$ 10,200 
70,560 

23,267 

94,435 

6,830 



Russian, Geology of Ore Deposits," GN-12, 8/4/62, 3 yrs. 

COMMERCE DEPT. /Weather Bureau, "Editorial and Abstracting Services for 
AGU's Project of Translating Soviet hydrology Literature for 1963, 

GN-115 , 4/12/63, 15 Boa. 

CONSULTANTS BUREAU ENTERPRISES, "Translation, Editing, Composition, and 
Printing of the Calendar Tear 1962 Issues of the Russian Scientific 
Journals: Dokladv (Biological Sciences Section, Biochemistry Section, 

and Botanical Sciences Sections); Microbiology ; and Soviet Plant 
Physiology . " C-315, 4/30/63, 10 mos. „ ^ _ _ Q , 0 

CONSULTANT'S BUREAU ENTERPRISES, "Circulation of the Calendar Tear 17o2 

Issues of the Russian Scientific Journals: Dokla^ y (Biological Sciences 

Sections, Biochemistry Section, and Botanical Sciences Section); 
Microbiology : and Soviet Plant Physiology ,” C-316, 4/30/63 > 34 

CONSULTANTS BUREAU ENTERPRISES, "Translation, Editing, Composition, 
Printing, and Circulation of the Calendar Tear 1963 Issues of the 
Russian Scientific Journals: DokLady (Biological Sciences Section, 

Biochemistry Section, and Botanical Sciences Section); Microbiology; 
and Soviet Plant Physiology ." 0-327, 6/30/63 , 30 mos. ■ 

THE GEOCHEMICAL SOCIETY, "Transition and Publication of the 1962 Issues 
of the Russian Journal, Geokhimiya , " GN-34, 9/25/62, 1 yr. 

INSTRUMENT SOCIETY OF AMERICA, "Translation and Publication of the 
Issues of Four Russian Journals: Automation and Remote Control; 

Industrial Laboratory; Instruments and Experimental Techniques; and 
Measurement Techniques," GN— 123 , 6/3.5/63, lyr. ^ + . 

OPTICAL SOCIETY OF AMERICA, "Translation and Publication of the Cumulative 
Index Volumes I-X (1956-61) for the Russian Journal, Optlka I. 
Snektroskoniya . " ON -11, 8/4/62, 1 yr. 

SCRXFTA TECHNICA, INC., Translation, Editing, Composition and Printing of 
the Calendar Year 1962 Issues of the Russian Scientific Journals: 

Soviet Soil Science and Entomolog ical Review." 0-312, 4/25/63, 10 mos. 

SCRIPT A TECHNICA, INC. , "Circulation of the Calendar Year 1962 Issues 
of the Russian Scientific Journals: Soviet Soil Science nod 

Entomological Review . 11 C-313 , 4/25/63 , 34 mos. 

SCRIFTA TECHNICA, INC. , - "Translating, Editing, Composing, Printing, and 
Circulation of the Calendar Year 1963 Issues of the Russian Scientific 

- Journals: Soviet Soil Science and Entomological Review , " C-326, 

6/30/63, 30 mos. 

Domestic/Oriental: -, 0 ao 

AMERICAN MATHEMATICAL SOCIETY, "Translation and PubU^tion of tlw 196-2 
Issues of the .Journal Chinese Mathematics - 13/2/62, 1 yr. 

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC., Translation 
and Publication of ^the 1963 ^Issues' of - Two Japanese Journals: 

Proceedings of Elect r ical Engineers of Japan and i 0 £ 

: Electrical Communications En gineers of .Japea; K GN-101, 4/V63, 1 yr . 

JAPAN SOCIETY FOR THE PROMOTION OF .SCIENCE, "Translation and Publication 
of a Directory of Research Institutions In Japan Natural and Applied 
Sciences," G-2 5080, 8/24/62, 1 yr. * : 



Special Foreign Cxxrr&aev' T ranslation Program 

♦598,925 
301,075 
100,000 



POL^ 0 - 250 * 2 ’,' 2/21/'63 @ $ 300 , 000 ; and $1,075, G-m47.2, 10 / 30 / 62 , 
YUGOSLAVIA C-251.2, 3/3/63 : via State Dept * 



Studies. AnaLvaea^and ExchMigeg 
$ 1,661 

6,266 



.AMERICAN DOCUMENTATION INSTITUTE, "Page Charges and Reprints of Papers 

9/X3/62 

JMmiCAN^NSTITUTE OF BIOLOGICAL SCIENCES, ; '"Dias ewin&tion of the English 
Version of the Japanese Journal of Plant and Cell Physiology in the 
United States," GN-51, 10/10/62, l yr. ^ _ , . . 

AMERICAN MATHEMATICAL SOCIETY, "Provide Russian and Reis ted Mathemati cal 
Literature for Abstracting and Research Libraries," G-18993.1, 

8/24/62, 1 yr. 



* 'it 



35,031 



1,300 



17,825 

27,007 

$ 1,005 
10,000 

840 

30,000 

21,070 

23,958 

36,540 

12,480 

1,223 

21,060 

65,000 

23,403 

45,678 

16,462 

- S upport of 
$ 29,440/ : 
15,000 
15,738 
6,804 
31,235 
. ‘./fiOOx 
I 6,997 
114,380 
2,650 
13,225 



COMMERCE DEPT ./Bureau of th B Census, "Preparation and Publication of a 
Bibliographical Survey on Social Science Literature Published in 
Communist Bloc and Other Difficult Languages," GN-5.1, 2/8/63, 1 yr. 
INDIANA UNIVERSITY FOUNDATION, "Preparation and Publication of a Volume 
on Current Trends in Far Eastern Linguistics," GN-132, 5/25/63, 2 y ra. 
INTERNATIONAL UNION OF SCIENTIFIC PSYCHOLOGY, "Preparation and Publication 
of a Second Edition of the International Directory of Psvnholnpiats 

GN-37, 9/20/62, 1 yr. ’ 

LIBRARY OF CONGRESS, "Census of World-Wide Scientific Serials," GN-28.1. 
2/4/63, 1 yr. 

LIBRARY OF CONGRESS, "Preparation and Publication of a Guide to Library, 
Information, and Documentation Services of International Organizations 
in Science, Technology, Agriculture, and Medicine," G-13855.4, I/9/63, 

6 mo s . 

LIBRARY OF CONGRESS, "Preparation and Publication of an Analytical Survey 
and Bibliography of Directories in the Sciences Throughout the World," 
G-21917.1, 2/8/63, 1 yr. 

LIBRARY OF CONGRESS, "Publication of the Monthly Index of Russian Acces- 
sions," G -24 4 41 , 6/29/63, 2 mos. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, "Acquisition and Compilation of a 
Current Union List of Communist Chinese Serials," CHI-98, 2/8/63, 1 yr. 
MASSACHUSETTS INSTITUTE OF TECHBK)IC GY, "Study into the Dissemination of 
Scientific and Technical Information in the USSR," GN-124, 5/13/63, 1 yr 
THE MIDWEST INTER-LIBRARY CENTER, "Partial Support of Operation of the 
Scientific Journals Center," GN-81, 12/28/62, 1 yr. 

NATIONAL ACADEMY OF SCIENCES/NATIONAL RESEARCH COUNCIL, "Study of Science 
Research and Information Services in Best Africa," GN-91, 3/7/63, 1 yr. 
NATIONAL DIET LIBRARY OF JAPAN, "Publication and Distribution of the 
Directory of Japanese Learned Periodicals, 1962 - Natural and Medical 

Sciences," G-25138, .8/24/62, 1 yr. - ; 

NATIONAL DIET LIBRARY OF JAPAN, "Compilation and Printing of the English 
Version of the Japanese Periodicals Index, Natural Science Section." 
GN-15 , 8/24/62, l yr. : , . . / k 

UNIVERSITY OF NOTRE DAME, "Microfilming of Scientific Manuscripts from 
the Ambrosiana library in Milan, Italy,". GN-83, 1/9/63, 1 yr. 

PRINCETON .UNIVERSITY, "Preparation of a Guide to Soviet Sciences," 
G-17474*!, 4/4/63, 1 yr*. . ' 

SPECIAL LIBRARIES ASSOCIATION, "Collateral Support of the Operation of the 
Translat ions Center, " GN-14, 8/4/62, 1 yr. , 

SYRACUSE. UNIVERSITY- RESEARCH INSTITUTE, "User Study of Translated Soviet 
Scientific Journals, " G-19275.1, ,9/14/62, 3 yrs. 

International Science Information Activities . ‘ ^ 

AMERICAN ipJSTITUTE OF PHYSICS, "Establishment of an Information Center 
of International Physics Activities, " GN-111, 3/29/63 , 1 yr. 

BERNICE P. BISfE>P MUSEUM, "Partial Support of the, Permanent Secretariat 
o f the Pacific Science Association," CHI-46, 9/27/62, ' 5. yrs . 

EERNICE P. BISHOP MUSEUM, "Operation of the Pacific Science Information 
Center," GN-60, 11/2/62, 1 yr. 

COLUMBIA UNIVERSITY PRESS, "Publication of Two Studies: Science in 

Czechoslovakia, and Science in East Germany, GN-62, . 10/26/62, 1 yr. 
COMMERCE DEPT. /Office of Technical Services , ; "Operational Phase of the 
PL 480 Translation Program," l yr. 

. JAPAN; IX) CUMEINTATION - SOCIETY, ^♦iSting of the Kerr Report: . 

/ Science Informati on Services.. i A v Ml u."~» *18786.2, 9/25/62, 3 mos. 

LIBRARY OF CONGRESS, "Publication of Part of a Monthlv World List of 
Future International Meetings . " G-20569-1, 2/26/63, 6 mos. 

NATIONAL ACADEMY OF SCIENCES/NATIONAL RESEARCH COUNCIL, Continued Support 
of the "Office of Documentation," GN-79, 12/14/62, 1 yr. 

SYRACUSE UNIVERSITY RESEARCH INSTITUTE, "The Third Conference on Transla- 
tion ^Editors, V GN-^1, - IO/26/62, 3 mos . = ! n"- “s- r/ . i-'VVV 

UNION OF INTERNATIONAL ASSOCIATIONS (Brussels) , "Compilation and Publica- 
- tion of (1) A Monthly Current List and (2) An Annual Bibliography of 
International Conference Proceedings," GN-48, 11/2/62, lyr. 
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RESEARCH DATA AND INFORMATION SERVICES PROGRAM 



Research and Development Reporting 



$ 13,260 

18,825 

100 



14 >821 
13,139 
17,528 
10,000 



43,200 



97,400 

78,077 



21,494 

13,882 



6,181 

175 



10,672 
6,150 
$ 17,278 



440 



70,000 

15,123 



14,803 



UNIVERSITY OF CALIFORNIA/ Berkeley , "Regional Reference Center for Unclas- 
sified U. S. Government Scientific and Tec h nical Reports , n GN-148, 

UNIVERSCTY OF^C ALIFORNIA/Berkel oy , Regional Reference Center for Unclas- 
sified U. S. Government Scientific and Technical Reports," GN-149, 

6/26/63, If- ' „ „ . 

CARNEGIE LIBRARY OF PITTSBURGH, 'Establishment and Operation of a Regional 
Reference Center for Unclassified U. S. Government Scientific and 
Technical Reports, C-243 20. 2, 3/26/63 
CARNEGIE LIBRARY OF PITTSBURGH, "Continued Operation of a Regional 
Tschnlcal Report Center," GN-146 , 6/24/63 , 1 F- 
UNIVERSITY OF COLORADO , "Regional Reference Center for Unclassified U. S. 

Government Scientific and Technical Reports , " GN-153, 6/26/63, 1 yr. 
COLUMBIA UNIVERSITY, "Regional Reference Center for Unclassified U. S. 

Government Scientific arid Technical Reports," GN-154> 6/24/63, 1 yr. 
COMMERCE DEPT. /Off ice of Technical Services, "Establishment and Initial 
Operation of a System of Twelve Regional Reference Centers," 

G-18094-1, 1/29/63, 1 yr. 

COMMERCE DEFT. /Off ice of Technical Services, "Twelve Regional Reference 
Centers for Unclassified U. S. Government Scientific and Technical 
Reports," 0-18094. 2,6/29/63, X yr. - - . _ _ 

COMMERCE DEPT. /Office of Technical Services, "Keywords Index to U. b. 

Government Technical Reports," G-24466.1, 4/4/63 
DATATROL CORPORATION, : "Compilation of a Stnictured Composite Listing ox 

the Indexing Vocabularies Currently Used by the Technical Information 

Systems of ASTIA, AEC, and NASA," C-295, W16/62, 15 mos. 

GEORGIA INSTITUTE OF TECHNOLOGY, "Establishment and Operation of a 

Regional Reference Center for Unclassified U. S. Government Scientific 
Technical Reports,"- G-25106,. 7/23/62, 1 yr. 

GEORGIA INSTITUTE OF TECHNOLOGY, "Regional Reference Center for Unclas- 
sified U. S. - Government Scientific and Technical Reports ," GN-151 , 

HER^^AND 0)SaNY, "Stvidy of the Identifying Categori.es and Codes of 

U. S. Government Research Reports," C-213. 2, 8/20/62 and Amd. #3, 2/25/63 
THE JOHN CRERAR LIBRARY, "Establishment and. Operation of a Regional 
Reference Center for Unclassified U. S*' Government Scientific and 
: ' "^Technical Reports," r Gr-24497.1, 3/29/63 _ 

THE JOHN CRERAR LIBRARY, . "Regional Reference, Center, for Unclassified U. 

Government- Scientific and 1 Technical Reports,? 1 GN—147, 6/26/63, 1 yr. 
LINDA HAIL LIBRARY; , tr Regional Ref erence V Center for Unclassified U. S. 

Government Scientific and Technical Reports," GN-I5O, 6/24/63, 1 yr. 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY , "Regional ; Reference ' Center for 
Unclassified U. S. Government Scientific and Technical Reports," 

1 ;-‘cai4i73i/'6/29763 '^ . -XL ’ <: ^.r - .1 

PRESENTATION' ASSOCIATES, for preliminary design drawings for exhibit 
"A Natio nal System for Dissemination of Scientific Information," 

P.0. 63-1169, 6/21/63 

SCRIPTA TECHNICA, INC. , "Preparation of Reports on Scientifi c Information 
Activities of Federal Agencies . 11 C-163 .2, 8/30/ 62,- 1 yr. 

SOUTHERN METHODIST UNIVERSITY, "Regional Reference Center for Unclassified. 
U. S ^ Scien’H ’’ 'r Technical Reports," GN-152, 6/26/63, 

vr iINGTON, "Regional Reference Center for Unclassified 

S. Government Scientific and Technical Reports," GN-155, 6/26/63, 

1 yr. 



S. 



31-^64 0—09- 
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Data and Reference Services 



Analysis and Coordination of National Information Service 3B«to«siir 
#142,000 .AMERICAN SOCIETY FOR METALS, ‘'Cooperative Support of the lEafc^uilpn 
Searching Service of the American Society for Metals- 51 f3N-=^; 

11 / 9 / 62 , lyr. 

146,000 ARTHUR D. LITTLE, INC*, ‘‘Study of the Degree of Centralissghfocn t*? 

Facilities Desirable for the Storage and Dissemination >f P***deztmj V;, 
Documents, “ C-262.1, 8/30/62, 10 mos. 

55,397 C-E-I-R, INC., "Study of a System to Collect and Exploit D&*~;. 

Scientific Information Sources and Services," C-284, 8/9/6*. > 6 t 
65,800 COLUMBIA UNIVERSITY, "Survey and Analysis of Specialized. .Infarswtlc’ - 

Sources and Services in the Social Sciences," C-278, 8/16 /s£l, 2 w 3m 
261,080 LIBRARY OF CONGRESS, "Establishment of. a National Scientific snd ^ caaSsaJ 
Referral Center," GN-18, 8/24/62 and Amds. #l 9 #2, and #3 

Pre-Do cument or Non-Document Information Exchange Program: 

AMERICAN SCIENCE FIN ASSOCIATION , "Central Office for the America. 

Sciences Film Association," GN-21, 10 / 4 / 62 , 18 jmss. 

COMMERCE DEPT, /Office of Technical Services , "An Analysis nf -t ihe nateds of 
the Textile Industry for Technical Information," GN-109, 5/5^463 , 6 mos. 
TUFTS UNIVERSITY, "Behavioral Analysis of Technical Writing," 01-25111, 
7/11/62, , 1 yr. 



47,300 - 

44,000 

25,711 



5,000 

45,033 



15,833 
$ 28,360 
16,200 
30,000 
8,470 
5,290 



7^500 



Library Resources Coord inat ion r 

AMERICAN LIBRARY ASSOCIATION, "Preparation of a Report on iite Development 
of an Operating Program of Library Stataetics," GN-145, 6>/24/63, 1 yr. 

UNIVERSITY OF ILLINOIS, . "Progra m e d rig . Testing, and Evaluation of a Com- 
puterized and Integrated Data Processing System for the lh£iv«T 3 ity 
Library Procedures^" GN-77, 11/30/62, 1 yr. 

THE JOHNS HQFKINS UlfetVERSITY, . ?An Operations Research and Syatonna 
Engineering Study of a University Library," GN-31, 9/20/63, ^ mos. 

LIBRARY OF CONGRESS, "Support of. Conference on Library Mechanisation. " 

: GN-104, 3/7/63, 1 yr. ,, ,y r . . , ........ * 

MEDICAL LIBRARY. ASSOCIATION, INC. t . "Second International CaxEgrisssa of 
i Medi cal Librarian ship, /I ,GN^47 , .9/27/62 1 11 mos. ;. 

UNIVERSITY OF MONTREAL , « "Reconstruction, and ;i Improvement of LaJh rggy 
and Filing Card System, ". GN-52, 11/2/62, 2 yra. ; . 

THE - NEW YORK, PUBLIC LIBRARY , "Development' of U^ S . Standards 1st Library 
Work . and . Documentation, ", GN-78,.: 12/27/62, 1 yr. 

■ WEST VIRGINIA - UNIVERSITY , : .. t1 Inv eatigation - of the fPotentlaH’User^fel jihe 

: i Resources of a Large Academic: library by . the Smaller , Acad anirriLibraries 
and the Libraries of;- Industrial Organi zations \ Within the Hisimst 

. Hogioa^ GN-lve, 6 / 29 / 63 , 1 ; v., . . ;V 

- YALE UNIVERSITY, "Purchase,. of ; a. Collection, of > Scientific Eapfrr? the 

^ Hagfi son .Repgiflt Collection . ,* GN-13 . 8/7/ 62 r 1 yr.^v, .. 

; ; a --a.-*?/ 



s.m' 






-1:0 hv-: 



Science Information : M&e. 

#225,000 SMITHSONIAN ‘INSM "Pe^tial Suppbrt for the Annual Operating 

.. vV , r • .. . E^ e P a ®? 9 f •t^. Science 2^ormation Exchange, " GN-86, 1/22/63 , LL yr 



Adi.:., 






5 . -AiJss-'i-zX .. 

v ;y,\6 - . :)U- .idrAA : >-d' 



h'leri •: •: r . 1 d-:-; /: • .»*. * . i.-f -. - ■ • 

V: .. . ■ ■ , :v ■' : i ' .1\.' 

.t;w ■/ •- • 






■; ’-V ■' 'A' 






79 



SUPPORT w SCIENTIFIC HlaLICa3!30BS 



Abstrac ting sand Ihdq -r? 



2& 



t 71 , 500 
36,000 
2X0,000 
219,0011 

-L73,OO0 

.30,000 

96,200 

17 , 500 

37.000 

71.000 
22,500 



id&Ir 

^iverr^ for tbe pufciicati ° n 
the Operation 

«Mffl^SSuyS*SB“?HSsS2y. i" G - 17475 ' 3 > 6/lI/63? l ^? 

V29/63, ^4 r -’ CODtinU6d S«RPort o- fflologlcal . 

«* 

G-22928.2, 6/26/H chena0£a Information," G-22928.1, 4/4/63 and 

" C ° ntlcU9d Expansion cj Engineering w ,. 

GhTb/V^ 3 ^ IN3 - ^ ah. 

SOCIOIOGICAL ABSTRACTS . H*c "PnnHn,,^ ^ 

Abstracts, " GN-141, 6/15/63, 2 Expansion of Sociological 

"Su pport for Preparation 
™-163. 6 / 24/63 o An notated Bj hU 0f raph T o n Quaternary Storyline - ," 

-AMERICAN ASTRONOMIC-AL SOCIETY n Pl , or ^ . . ' 

International Astron^caTSnSn i^f ion °i the U ’ S ‘ p °rtion of the 
G-5977.1, 7/23/62 , 2 ™ Union Bibliography for 1881-1898, » 

nR TTHnnrD C TMitr * nv?i ^ 



8,500 

68,000 

20,000 

1,700 

15,500 




Bibn™ 3 ?” “ ST ™ FOR^’he^cH !&«8£Utf 6/29/63 

^8.^25/63%^: PUbUcatlon ° f the 
Growth ( 1950^?^ v ' ' ^bliography on Tree 

NATIONAL FEDERATION^ OF 9/18/62, ,6 mol? 

location a Bibllo^^ HEXING SERVICES,. "Pub- 

Sgi^ntlflc Int?rqat ; ^ fiij-Q 9 a h T7(3 — i" “ Significant AS; I s* r y ices Q f 

OpSatIONS .^ARCH SOCIETY OF Z^Trn ' 

9Pe«tiona to^eweb, ’l9^!%S*^a^.^ otated 

SISMOMGICAL SOCIETY. *0F_.J1MERTCAV . V :. . ' ’ 

Indexing 
“*■ Year 



146,000 

35,300 
132,250 . 

120, OCX) 



A&I Stud leas 

AMERICANME^ SOPTtttv n ■'•''* '■•.-• -r. 

nificatlonrsyatem for ■ the^eMSS^^ ^ovsal Decimal Clas- 
ofj.Titlesibf ; Scientific ’ - 32xchac « e > Publication 

"Study W 5 / 62 , 2 yra. 

TW^^L. 6 ^ 2 ^ 63 ^ > 1 B: ; mo 3 . AV ; ^^, r A0 ? tra qta and Index Entries," 

INSTITOTE, FOIT SCIENTIFIC UffORMATION, INC •' nprenn 
3/H/6?, Selet!tlo “ °f Reties General 

32ISTITTJTE TQH 3CJE£®I r S'l^: TlWtraf ATTnw nun Mn * 

Article 5^ ^ ^ ■■ af the 
6 mos. ' Abstracting Services," C-332, 6/TO/63, 

-'■•■ • •, -T,-; -. 
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9,odo 

1 S, 40 D 



IK'TEESCS^riONAL COUNCIL OF SCIENTIFIC UNIONS, "Continued Partial Support 
"the International Abstracting Board," GN-97, 1/29/63, 1 yr. 
SCIENGTE (COMMUNICATION, INC., "User Surrey of the Genetics Citation 
Imex," C-330, 6/28/63, 1 yr. 



O' ttiher ^ffl5E£gra±5ggga and Services 



3WZ3E 

&l^85 

52,C3i2:. 

S*^ 

16,^0c 

5V700 

X2,100 

$ IS, 650 
17,29c 

3X,615 

57,800 
2,355 
15a OCX) 
4,200 

H4340 

4,624 

9,100 

22 , 000 : 

&,570 

64000 

33,478 

9,8^0 

2,911 

6,960 

23,875 

12,502 

1,500 



^tSBsssrch Journals; 

iKEHTCAK GENETIC ASSOCIATION, "Partial (Support. for the Jou rnal of 

heredity . n GN-71, 11/30/62, 1 yr. 

AMERICAN GEOPHYSICAL UNION, "Partial Support of the Establishment of 
^yiews of Geophysics ." GN- 65 , 11/14/62, 3 yrs. 

JHS5&ICAN INSTITUTE OF PHYSICS, "Applied Physics Letters," G-24272.1, 
19 / 2 5 / 62 , 2 yrs. 

-fflBfflHICAN ROCKET SOCIETY, "Partial Publication Support for the American 
Socket Society Journal," G-25047.1, 7/23/62, 18 mos. 

AMERICAN SOCIETY OF LUBRICATION ENGINEERS, "Temporary Support for the 
Journal, ASLJS Transactions ." GN-45 , 2/22/ 63, 1 yr. 

ASSOCIATION FOR APPLIED SOLAR ENERGY, "Solar Energy; The Journal of 
Solar Energy and Engineering, ” GN-20, 8/24/62, 3 yra.* 

THU .GLACIOLOGY SOCIETY, "Partial Support of the Journal of Glaciology," 
(£421111.1, 3/4/63, 1 yr. 

UNIVERSITY OF LOUISVILLE, "Computers in Behavioral Science," GN-139, 
6i/15/63, 3 yrs. 

Monographs; 

AlffiBICAN CRYSTALLOGRAPHIC ASSOCIATION, "Publication of the Second 
Edition of Crystal Data ." G-2393-2, 11/15/62, 1 yr. 

AMERICAN GEOGRAPHICAL SOCIETY, "Support for the Publication of A History 
of Scientific Geographical Exploration of th e Pacific Basin." 

GN-I10, 4/4/63, 1 yr. “ * 

JIHERICAN GEOPHYSICAL UNION, "Support for Preparation and Publication of 
fr Report on S. Geophysics for the 13th General Assembly of the 
-international Union of Geodersy and Geophysics," GN- 40 , 9/24/62. 1 vr 
AMERICAN GEOPHYSICAL UNION, "Publication of a Series of AntSctic 
Ifernographs , "__GN-55i.; 10 / 10 / 62, 5 yrs 
AMMRICAN MUSEtM OF NATURAL HISTORY, "The Miocene Faunas from Wounded 
Knee, South Dakota," GN- 68 , 11/9/62, 1 yr. 

-ANNUAL REVIEWS, INC. /.."Partial Support for the Annual Review of 
Phytopathology," G-25017,. 7 / 23 / 62 , 3 yrs. 

ARCTIC INSTITUTE OF NORTH AMERICA, "Support to Publish Four Papers on 
-Biological Investigations in the Keeuatin District and the Um?ava 
Peninsula," GN-113,. 4/1/63, l yr. 

HERNICE- P. BISHOP MUSEUM; "Partial Publication Support for . Insects of 

Micronesia SerieB . " :GN-160. 6/15/63 *L . : “ ~ 

BIOGEOGRAFHICAL SOCIETY OF - JAPAN, >■ "Partial Publication Support of 
Volumes _ IV; (Raj idae) ..arid • V (Tabanidae) of Fauna Japonicai" 

• GN-49, 11/3/62, 1 yr: /l ; : , 71 ^ - ~ * 

HIOWN. UNIVERSITY, "Publication of Egyptian Astronomical Texts; Th« 

:i ^^aideIStar Clocks." GN^/ i yr.. 

UNIWEBSITI OF CALIFORNTVBorkaaey, "Support for Publication of the 
Scientific Results of the NASA - Ebcpeditiori- to the Gulf of Thai 1 B n^ 

_ Souizi^ China- Se a. 1959^61 , n., CX-'ia] 7 .Q/? K/&? o ’ — 

CENTRAE ? INSTITUTE FOR -THE • DEAF y ' "Publication of an English Translation 
of; a Russ ian Monograph . . Corti 1 s Organ , " GN-178, , 6/29/63 , 1 yr . 

CHICAGO NATURAL HISTORY MUSEUM, "Illustrations for a Monograph. The 
gian-t Panda . " GN-116 r 6/25/63, lyr. 

UNIVERSITY OF CONNECTICUT, "Completion. and Publication of a World 

C atalogue of the Family Lvgaeidae ." 0-P.A1PP, 7/m/6? i * ^ 

DUQUESNS UNIVERSITY,; ^Partial . Publication Support for the English Trans- 
lation .of; The Fi eld of G ongcioug n eao by Aron Gurwitflohl >« ■ 

GN— 16B, 6/26/63, l^r. .. ~ 

HAR VARD » UN IVERSITY, “The Fern Flora of Peru , " • G-15949 . 1 . 6 / 29 / 63 . 1 yr. 
UNIVESS2TYyOF f , HAWAII, . "Publication, of an Atlas of Charts for EOUAPAC " 

GN-lTTd, 6 / 24 / 63 „ 1 yr. ;<: , .. 7 — 19* 

UNIVERSITY OF HAWAII PRESS, "Publication of Volumes XI and XII of 
Xnsegfcs of_Hawaii . » GN-36 . 9 / 24/62 2 yrs. t , 

HUMAN -RELATIONS AREA FILES , "Publication of an - Outline and Atlas 
Ethnic Groups of Mainland S outheast Asia . " GN-157- 6/15/63 , 4 mos. 
INDIANA UNIVERSITY FOUNDATION, "Partial Support of Publication of 



I, 6X0 
I 31,600 

3,700 

49,250 

4,ooo 

775 

30,100 

II, 025 
800 

9,660 

40,200 

10,350 

19,378 

13,225 

23,036 

200 

7,570 

575 

16,990 

4,600 

$ 10,070“ 

2,320 

4,600 

11,000 

2,000 

3,700 
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Copies of Central Asd~s- °' GK-3106, 3/7/63, 1 yr- _ 

IKUIANA UNIVERSITY FOU BBHTID B?;,; ^Aspects of Altaic Civildjxstioir, 

GN— 118 , 5/25/6 3, 1 yr. 

TEE NEW YORK BOTANICAL HARD EN > "Support of Publication: uf an fit ! ss of 
American As tragglixa « n GN— 166, 6/24/63, 1 y r. 

THE :NEtf YORK BOTANICAL {SEEDED, ’"Bnbli cation of Mtanogpear ^i r Tun 

Cassia, GN-165, 6/24 &3 * £:yr. 

NORTH CAROLINA STATE COLLEGE: G3F AGRICULTURE AND HNGH32SHNG OF "THE 
mtv. OF NO. CAR., Raleigh* "Continuation of tine PuElmlicn w: 

Thfr Catalogue of the Hotnoirtaara A nchesaorhyncha of the .rife-rich. 

GN-85, 2 / 4 / 63 , 2 yra. 

UNIVERSITY OF NO THE DAMS, "Partial Publication Support JSar- a ^rcnrp of 
Easaya Entitled The Ccmcetrt of Matter , w GN-35, 9/25/fel. 

PALEONTOLOGICAL RESEARCH INSULT DT ION, "Partial Support .oT a .^nblicaticin 
Entitled Eocene and Miocene For amjn if era from Tyo Lox^Hti^_^ 

Duplin County. North- Carolina, " GN— 128, 5/24/63-, 1 yr. _ 

UNIVERSITY OF PENNSYLVANIA, "Support of Publication of A Sele-ctea qu^-q g, 
t.n the Literature on the Flowe ring Plante of_Mgico.," 

UNIVERSITY OF^PENNSYLVANIA, "Support for the Publication of the Monograph, 
T he Woodv Flora of Talvan ." GN-53, 3,0/5/62, 1 yr. _ , 

UNIVERSITY OF PENICYLV-BNIA , "Support for the Compilation .ar^Pvamicatlron 
of a Fourth Edition ad f A V-ihdireg Lint for Observers of Sc Hpai^ 
Variables, " G-23674-3L, 5/6/63, 6 mosT • n 

THE PENNSmrANIA 'STATE UNIVERSITY:, "Naturalistic Behavior of JJom-Buman 
Primates," (21-135, 5/^25/63, 1 yr. _ _ 

SMITHSONIAN INSTITUTION, "Support of Prallcatiao. of sn English ^Tranaa 
tion nf ^lor»i of Japan, by Jisaburo Oirui," 0-70, 12/14/62, 1 yr. 
STANFORD QJ3HVERSITY, "Partial Support Sor the; Publication of Studies in 
Mathematical Psychology," GN— 94, 1/29/63, S yrs. _ _ 

STANFORD UNIVERSITY FBXSS, "Support of a Pi ib TTgMtioii Entitled Manual of 
tha v»»™1ar Plants of Alaska a nd Neighboring Terri top:, » GN-127, 

STANFORD 3 UN^I^ITY FfffiSS , "A Publication Entitled Vegetation amd Flora 
triif the Sonoran Desert ." ( 21 — 129 , -' 6 / 15 / 63 , lljr* _ 

THE UNIVERSITY OF TEXAS, "Editorial Preparation for the Publication, 

The Bird Life of Tma. " GN-80, 12/34/62, 2 3 rrs. 

WILSON, Dr. F. DougSTindividizauE) , "Publication in the Journa l 
Brittonia . of a Taxonomic Rev isi on of the Grerrn s Sitanlon, 

GR-39, 9725/62, 6:iooa. . 

UNIVERSITY OF WISCONSIN, "Support for the Publication of a ^Tyig uai 

Report of Gravity- Stand ardr^ t^nn Meaaurengata in Centra^ and t>ouzn 

America. " - GN-169 , 6424/63* 1 yr . . . .. 

UNIVERSITY, "Publication Support for the Fifth „ 

(^yles inina e) of of the Northern Half -of the 

GN-76, 12A5/6Y 

SCIENCES, 

of the Second Contf»«~H*«e car grain and Behavbfflg ," Gi*-8, 8/4^62, - yr* 
AMERICAN INSTITUTEIIIE 2HHSJE** "Travel of Foreign ParticipautE ** the 
Gordon Research Gnnfensenas on Scientific In^nnataxm. SrobBems in 
Henearch." GN-1054 2/£2B/63» 1 7^. 



KesAflrp.n." <v^go/.QL3>» -*• j* * — — ___ . _ 

FEDERATION OF AMERICAN! ^SELUEUIES FOR EXPERIMENT ALLBEDLOGY, TSurrsori for 
Publication of AbsiaKSfcr. a-uad Proceedings of the IlEtte rnatiimsy al. Symposium 
on Temperature Acclamation,” GN-6, 8/4/62, 1 yr.. 

FORT BURGWIN RESEARdTHSENTER , "Publication of the :Eroceediig ?2 of the 
Fort Burgwin Gonferaance on Paleo ecology," GN-U7, 5/24/63*- 6 mo s. 

HARVARD UNIVERSITY, "Partial Publication Support for the Pi-rarwnding a of 
the Conference on Crustacea, 31 03-144, 6/15/63* 1 yrr. 

MINERALOGIGAL SQCIEag c f 3F AMm.UA, "Publication of the Proceedlnga of the 
Third General M»*b i£aaff of tls* Xnterro^ticiua Hi ngra lnglcal Association, 

UNIVERSITY OF^PITTSBimS , "Publication of the Proceed inga of tSaa Benedum 
Symposium on Earth Magnetism," 0^-89, 3/ 18/63, 1 yr. 

Studies, Experiments , and Other Special ^rojectsr 

ACTA METALLURGJ^A, "Study of the Op tinirnn . Method ccf Publicaticc of the 
Translations of the Russian Journal of Aba tracts -Metallurgy 
G-25203, 7/12/62, 3 mos. 
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45, TOC 

3,90TQ 

500 

T^xz: 
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39,,00GD 

200 

5 * 9,000 



AMEBICAN AimffiOPQinCIGAIL ASSCCXATZSJBT, ,! A Ssndy of Publishing Needs in 
tie Field of Arddna^ooJLLrgy, •* (21-64, 11/2/62, ljr- 

AMERICAN ASSOCXAIIor SCOR THE ADVANCEMENT OF SCZ3NCE, "Partial Support of 
a Project to Develop, SSie Use of Broadcast. Television for Comrmcni cation 
Among Scientists v&* P^ginaers,^ GW-25, 9 /2 5/ 62, 1 yr. 

A MERICA N CHEMICAL SZQ-ftf 7 !!!, "Analysis of the^Rolt^ of the Computer in 
Scientific Publics'*! tt GN-140, 6/15/63, 2 ;jes. 

A3MEEE3AN MATHBifiTIC^ .£ -3EIE TS, "Support fox -a Study of Ways to Develop 
Additional Means cf s c - ’nnnort for Mathematical Publications " 

GN-102, 3/4/63 , 1 8K^‘ 

BIOLOGICAL ABSTRACTS, ZJ2H , "Ebtperinaent 1 r -3g» ^ er»k~wgd n g of Biological 
Research Information" :©N- 175 , 6/24/63, xtts, 

BUREAU OF SOCIAL S fH fa d ft ltS' 3tESitiz5RC39 , UEC. , ~- ; nr ygy of Scientific Societies," 
C-324, 6/30/63, S ara, 

CASE INSTITUTE OF ini ittw jiEiGY, "Operations^ Research Study of Publication 
Ckmrt a of S cientlflc Iiraarcnaln , ■ G4X6453.4 ,, 3/28/63 , 6 mos. 

HEH3SBR i8ND COMPANY, "Inrrentory of CrxmrentiLy — Publish odi English— innguage 
-Scientif ic Newspapers., 5* C-2S5, 8/3/62, JL yr*. 

BERBER AND COMPANY, "Sun'r»*y of Prof o as iorxel Scientific: Journals," 

C-3 25, 6/2 8/63, 18 mun 

43HERKATI0NAL JOURNAL GS? THE SCIENCE' OF METALS, CHHC. , "’Translation and 
Publication of the JJ9£r3 Issues of the Journal c ef Abstracts - M ^t./OTln-rpy, 
garts A_*nd_B ." GN-2TZ2, 6/29/63, 1 yr.' 

LIBRARY OF CONGRESS, "SS-nr* Bibliographic Se^,Adi_Service fox Surveys and 
Studies Published Simaear 1X950 that Relate to feuaua Aspects of 
Publis hing S cientific said Technical Journaled P.0. 63-522, 12/3/62 

NATICSNAL FEDERATION OF SCIENCE ABSTRACTING Ml PEZEEXING SERVICES, "Partial 
Support of the Federation Secretariat for FIsnsil Year 1963." 

GIN-42, 10/2/62, 1 ^rr. 
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FHO (3LAM/ACT1YITI S TT HWffHT 
SCIENCE INFORMATION ACTmTIS£ 
FISCAL YEAR 1964 



RESEARCH ^::tD -EH0DZ3E 

tonmronicataop . 

* 3 300 AMEESag :ggCH0I*3GICAL &SSGCIATION, Study of Information 

nt^~ni 7 <-> im Psychology* tt „.S-18494-2, X1/20/S3 
302,600 AMEHSESBH ISECHODOGICAL ASSOCIATION, "Goardijuated Study of Information 
Fxnfamsge in Psychology," G3J-281, 2 yrs., 5yl2/64 
nr 10O AMEEIC’^S T 2 ZSTITUTE OF PHYSICS, "Completion And Evaluation, of Citation 
' Iharac: to. Ttuaaian. .ITotrrn 2 als, m GN-221, ^ moau^ 12/11/63 

198,000 AMEEZKDMB HISTITUTE; DF PHYSICS, "Study mf Di repm i n ation of Information 
i m i&i&aijzB ,* GN-291, 24 mos., 5/26/S64 _. a - 

54,000 (YiT. TTWffTTifl TTiffTVFHSTTTj. "Informatiinn: RemuireiiJania of Scientists, (GB-1S5, 

? IB aooa.., . 8/23//63 , 

48.700 HAHSMD UNIVERSITY, "Studies of / tb© Plnv caT ^e chnj^ al Information and 

’ Ite3ol© in Beaear*cfc anl Dove^Lnocient Deciaann-MaScing, n GH-3i>5 , 

12, ICO , -Literature Survey forldentifioation 

B nr OrgenizHtlon. of Case Studies of Scientific Activity, GN— 167, 

44 2ca HA^T^SsT^OF^TECH. , "Tha Bole «f Inf nr^Rii ion in Parallel R&D Projects," 
+ " 01 - 233 ,, 12 mos., JS/ 16//63 

47.700 THOT^ E2F HA., "The Horma of* Cffeetion IBeiwvioir, n Qi-294, ^ “ 6 «» 5/20/64 

46^*30 :EBI2 TJSSSr** "Statistical Studies of Netwnrks af Scientific Papers, 

OT-29F?, 24 man., 6/6/64 



TnftErrpttl/ fcM- SouzrceB gnA_S.ggvi.gSB 



$ 4B,5Csn 



4-y46_ 



5'^E52 






ffJSTEONM. A22SDEHY OF SCfEENCSS/NACISaiAL EK5KAH.GH COUNCIL , "A Steady of 
.SteiontiSx: Publications; in the* JOeolog fr^ff ! Sciences,’ 1 " C-310/Task 71, 

isS^lBror^CQ^^For Statistical ewd Axy^ttical Service© to be^eErformad 
4>rr c^nmfccition with a Two-3fontfc idr r vag~ «aT the Scientific Review 
ILitsESDSara," *.0. 64-510, 12/SL/63 ^ _ 

HESBHE. ASD 00. , "For servl'ces tec ax» pK=Sdrfjned im assisting in the 

idom of msx indexed fcdbllograpfcyvof ssafassraces: to al^. reperrts and publica- 
tions in Current Reaeart^Lra n d DevgAllnpnignt in. Scientific Dopum^nta- 

tjoaiu. T«nmn Wn . 1 thru 11 f " "P J3u. €a3-8C#y~l, 6/22/64 

EERHOSEliANDiCO'. , "A Survey of Pi^fbBsaihjnaElScientific Jioumaln, C-325.-L 

Plus And. 2 dtd 6/30/6*4 _ . „ 

43 D HERNEE. JBNE2C0 . , "Revising Lata TeMbas Reisased to the Above Frojeot, 

n SSS;, a, **A;! Study of the Gfiroacter and Degree of Dse of the AIChE 
nTwmjoalf f npitiR^-rinp- TCieaaurug asm the Index BatA Provided f or Ar 
in Ch«n*"^*l Enginee ring Progress* " C-296-2, 9/H/63 



7,733' 
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tVrggrrnzaticjn and Sear rfol ng 



$ 19,400 

24>450 

1&V300 



“9,100 

36,700 



19,500 



159,000 

5S3,COO 

30,500 

9y000 



74*00)3 



ASSOCIATION OF S£2CTfiL UBR/JO.CS AND INFORMATION BUREAUX, "An 
Investigation into -the E'orfor'jruaca Characteristics of Indexing 
Techniques, 0 (323130*1 for 3. yr» f 6/9/64 

TUB uravi.:isrrr OF cnXC/GO, "Iho Application of Solcotod Indexing 
Systems to a C^ersnn Seinrcle of Scientific Rocuraents," GK-231* * 

1 17/20/63 

CO^rHCSH DM ,/i:ATItO;iAl BUREAU OF STANDARDS , “Rosefxch Information 
Cantor' :srxL Advisory Service on Information Processing," GN-317, 

12 tas„ 6/29/64 

Dj'iKHSIC (GW FOR. DOCU^EcJTATION , "International Study Conforenco 
an das s if icat ion Research 1964," GK»<249, 3/24/64, 1 jv*. 

HAHVAJ© IKJVFSSITY, "lloeoarch on and Evaluation of Soma Models for 
Automatic Doocuncnt Retrieval Systems," GEK245, 1/13/64, 12 moa. 

LEIFGH L s nr7JSrt£S3T7, "Study of Theories and Models of Infonsation 
Storage and Hctncieval," (£>*283, 15 mos», 6/8/64 
• MASS* ESST* OF TEkllUOICGY, "Devolopvcnt of a Test Environment for 
Inf onraat&on SyatsEiis , n Gil-292 , 24 cios . , 5/25/64 

PIU1JC12F.0N GHIV. , «2ivporinontation with a Citation Index for Statiaticnl 
Methodology, " Z4^os., G&-£97, 6/8/64 

RUTGERS TOXV., "Seminars on System for the Organisation of Informa- 
tion, m 015—383., 24 nos*, 6/4/64 

SCIEHCE OOKBSUSaOEIilON, INC., n Uaor Survey of Genetics Citation 

Indo^" 0-33E1-1, 1/6/64 

UESFElRfl'l 3EE2SBHE HTIV., c Automatic Processing of Metcllurgicel 
Abatraectn: forr the Purpose of Information Retrieval," GN-303 > 

22 ncs., 
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INFORMATION SISTEMfe 



Information Retrieval 



§ 4,500 ARTHUR p, LITTLE, INC* *, Support to fu*; rlsh 500 add»l copies of a 

report entitled 1? Contradiction and I ocuinentation, " pur chase 
Order 64-748, 4/17/64. 

38,000 AUERU/rCK COF.POiU^IOiJ, lt & fcudy of lufor^adtion Storage and Retrieval 
Hardwkr e,« C335, 4 «oa.s 6/20/63 

7,200 AUKRBACk CORPORATION,* “Study of Information Storage and Retrieval ; 
Hardware," 0335*2, 3 add*l nos*, 2/22/64 
*102,000 CHS-nC/i ABSTRACTS SERVICE,, u Bovelop^oi^t and Initiation of a 
Mechanized File of Chemical Inf ornat ion,, 11 G22928.3, 3 mos*, 

3/24/64 ‘ • I 

£88,000 CHEMICAL ABSTRAdS SERVICE, Jr Dovelopman,t of a Computor-Ctintored 
Chemical Information Service, 1 * GU— 318, 7 mos*, 6/30/64 
58,200 COMMERCE DEPT ./NATIONAL BUREAU OP STANDARDS, “Researoh on Picture 
anrl Language processing,". GN^SO, 12 fnas«, 6/29/64 

6,000 IKFCWiiTION DYNAMICS CORPORATION, "Synthesis and' Analysis of Soi- ' 
ontifio Information Service NotworRa," C263«2, - add 1 ! 1-J- noa*, 

12/2/S3 ‘ ! • J • 

114,400 INFORMATION. DYNAMICS CORPORATION, "Development and Tost of Information 
System V&dfi 1," C370j 10 moa., 6/12/64! - * 

33,400 NAS/iiRC, “Conforcuco on Mechanical 'Procooolng of ChoraicaX Information," 
. 03 tO/Tael: 77,* 6 was., 2/21/64 ' I • . 

434,000 .ICIIVERSITi OF. P ElRISy LVANI A , “Rosoarch on Linguistic Traneformatioas 
for Information Retrieval," GN-311, 24 kios . , 6/11/64 
10,220 HOUSTON RESBARGH INSTITUTE , “A Study of Facsimile Transmission in 
Technical Information Notuorfcs," C356.to Prenglo, Duiaer & Crump, 

Tuc* (name changed 1/29/65), 6 moa ., £/22/64 



J M^nhanical Translation 

! 1240,000" BttflCm-rRAtiO CORPORATION, “Computer^Aidei Research in Mechanical Trens~ 
lation," C372, 18 mos*/ 6/30/64 
167,300 Bbiv. OF CALIF* , Research on Ifeobino Tj 
■ iinguictio Systems,", OH-306, 12 mos ., 

i 240,500 I:AiiV/J-.0 UtiXV* , ^Resoavch on Asvtoaatic Ts 

* ; - Unguis tics GIC'329 ,IS mos „ , . 6/25/64 

: ■ 200,000 HASS. /IiCST , OF TECH , » Basi c Rchaavch r>\ 

T^snslatic):,^ Gi/4£44f .15 r«w,*, X/ 22 / 6 J 
59,000 , . NAS/DRC, "Advisory Committee on Automat: .c language Pro cessing, » 
O-Zlo/fcsk 80, 12 n»s., '■ - ,-.;i • - 

150,000 innY. OF TEXAS, "Research on Syntactic * nd Semantic AnalyslG," 

- 01^208, l.yrV, 10/24/63. -r v ^ .,? • 

- 168,200 ... , UNIV. pF-TF^^j ^osearoh . oh;Syntactic. < nd. Semantic Analysis for 
f * Mechanical Tran3lntionj° G2J^3Q6,12 m i ' 



auslation and Related Kechano- 
6/8/64 

ruislaticn and l^thoi'uxtical 
Language problems In Mochuriicol. 



s »i 6/18/64; 



- Library- Systems 






$48,900 



62 , 500 : 

61,755 . 



UNIV. 0? mlilOIS, “ Programing, Testing. 
• Computerized and Integrated Data Proc 
LilrraW Procedures , M 01^302 , 12 sees#, 
THE JOH/TS HOPKIIIS UKIV.i "Continued Suj 



Uni* 



and Sjoj trcs3 Engineering Study of a t 
1 jr. XC/24/63--‘ 5 ’‘’'''' :v; . 

7&rai istemaism, ''Studies, Eicperlmsnts. 
Ctrapiv ioriaatjjsn of Cerd CatSloguoo in 
Librni ioa," 0H-179,~2 yro., 8/2/63 



Publication Svateme 



$20,074 



IKfOROU! 

the 



CSv INC., “Machine Receding of 
‘ ‘ cation of Scientific Journal i 



Pi bli. 



and Evaluation of a 
idcssiu3 .Syatea for University 
, 6 / 2 $/ 6 l> - • 

iphort of An Operations Roeoaj?ch 
‘.veraity Llbrcay, « 0U^219, . . . 



and Demonstration of the 
Mediool and Soiontif ic 



Textual Information During- 
C371, 1£ aos., 6/26/64 



86 



PUBLICATIONS SUPPORT 



Abstracting and In Jexing 



..1 



$ 225,400 

178.000 

100.000 
144,000 
134,400 

33,800 

44,000 

16,000 



20,000 

41,350 

20,500 

170,500 



m&lXCAH OOC., "*Prcp nation, and Publication of Mnth^Tvotie.rJ. 

z.yrs., 6 / 30/64 | • 

/J'cjtlC.al MLIfibCliOIOOICAI* SCC., "Expansion of Ktvtooyolo:»lcal and Oec^stro— 

JD by s fool /hnt vaetsj g G1K101, 1 yr.y 8/2/63 
AIJEKIC-EJ MIT20RQ 1031 CAL SQC., “Energeacy Support of Hot-ooyolor.lc»l and 
C.c:o ar.fcrbpbve icaT A bstracts GN-316, 1 yr ., 6 / 29/64 
AM. SOCLToF KGOTAEICAL XffGXNEERS, "Preparation and Publication of Applie d 
T^cba hlcs Tteviox ta . n G1I-29S. 3 yrs., 6 / 8/64 . 

AM. SoH. IW*. MHTAIS , » Information Sear qhlng Service of the American Society 
for Mptals," GU-263, 1 yr., 4 / 28/64 , * •- 

BIOLOGICAL ABSTRACTS, INC., "Devolopeusnt Program Leading to Mechanization 
of Social and Abstracter Recorda," Gl^*325, 1 yr*, 6 / 29/64 
KGIJb^ks JOINT COUNCIL, “Preparation of a Thesaurus of Engineering 
Toras>» G15-234, 9 moo., 12/2/63 



COUNCIL 
and 
12/23/ 
SAMS OR 
HISTORY 
Five 
US IV. 

* Biblid 
THK MOD. 
PiUlic 



P41 



or 



aii 



FOR OLD NOME ARCHAEOLOGY, 
blication of CC&A Surveys and 
/63 

J-ITEE, and titlo as above, GN -23 
OF SCIENCE SOCIETY, LJC., "CoW 
Annual Blbilographio Coot ions of 
K/JISAS, "Preparation end Publik 
grnohy of Vegetation Maps , 11 GN-: 
LANGUAGE ASSOC. , 0 Expp.ua ion 
graphy ,« GU- 180 , 3 yrs ., 8 / 2/63 



tt Oon,t * cl Partial Support for Preparation 
.bllogr aphlo » , 0 Gfl-339, 1 yi>, . 



? a (add*l funds ) , 6/29/64 
i Lative Indexaa and preparation of 
ISSfi»“ 011-272, 5yro., 5/1/64 
ation of an Int ern at ion el 
436, 5 yrs., 8/54/63 . 
and Improvement of the li nguistic - 



Publications (Other Than A&I) 

Research Journals i 1 ..... 

too, 650 AM. Gi/USIYSICAL UNION, "Cont^d support for fcfchu tho ,T G B ulletin, and Support 

• for Pljanning the Format of a Kev Gooplysios Journal GK -191, 1 yr., 

9/A/63 • • ‘ ;-:A0C.‘.,C - .so t -TV . V '• - : 

?.,7/ } 0 rn : GPDlfriSTG.\h ETHOS ; "Support of tha p c Bulle tin. 11 G25052.1, 10/2//63 

(sdd*ll funds) 77 '7 '7 '7 * \ '• 7-‘ 

39,090 ? xmJ GIJOFiIXSZC/Ji ISflOSTi and -Publication of TO Bv31etjn. » 

_ G:*-32a. 9 *os . , 6 /26/6 4 77>. ■ : : •''v- • "•' 7. " 7 V- v ' , ■ - : 

23,652 AIi; n’STrfBTE OlTftr2§S5$, "Publication Support for Apnllgd_Qp£l.cs , " “ 

G20086 t l (add *1 funds), 6/30/64; iV *‘ ■' t '' ' ' .1'? / 

52.000 ASSOCIATION FOR SYMBOLIC IDGI C, "Preparation and* Pr 000 g sing of Accumulated * 

Review.' Materials for Publication In journal of , Symbolic Lc qrl c - " * . 

•0E*«8G^3 - ! - r: /-;77V "/•: . ' 

17.000 UKXV. PC CHICAGO , » Joiynnl of G so lof/y , " GN-319 . 1 yr.. 6/29/64 

2.200 THE GLAC1QLDGICAL SOCIETY. "Partial Support of the Journal of Glttni olcpy . «•* 

G21111.2 (odd 1 ! fuuds)^ 6/Z5/& ^ 4 -^ v ; { . . 

16,790 YALE AjNIV., “partial publication Suppoft^for the Am or lean Journal o f 

fioifcnoQ .<« GH^225. 1 vi*.. 12/23/63 * ' 

Monographs : r ; f ? . .. .,. vj; ; «/ ,v/: •*/ 

49 , 000^ , AMERICAN . £ C^GR^HICAL'S^ "Continued . Support and Publication of 

v . 4 ‘ l Serial Atlaa of the Marine Environment .<! GN-296, 6/4/64, 12 dob. 

22.200 AMERICAN .MUSEUM Off NATURAL HISTORY. >. "Support of .Publication of Modes of 
7'-: Reproduotion. Jn-Flahee . " GN-304, V 1 yr .j, 6/8/64 

6,100 UNIVERSITY OF CALIF. /Berkeley, "Ooeanio ’Observations of the Pacific," 

. Jt G-15841/.1, 3/27/64 • .. . \ V ---;-;7: r ! -• . 

6,775 UNIV. OF CALIF: , PRESS, ^Support for Publication of Cloud Structure and 
- Piatrlbutidha pver the Tropi cal Paolfi'c Ocean ." GN-202, 1 yr. , 10/23/63 

6,500 CARNEGIE MUSEUM, "Partial Publication Support for Lepidoptera of* 

GN-229, 1 yr., 11/12/63 : I ■- ,.c 

4,900 UNIV. OF CONNECTICUT, "Support .for Completion and Publication of g. World 
^7* ■ r ^, L Qatqlpg ug 9 f thft Lwaeidaa . " G-2A122.1.12/A/63 ^ *. : / 

4, 630; HARVARD UNIVERSITY , ^Support ^ for .the. I^bli cation of Remain e from 

’ u “ '' s "“ Soutbeasterfi and Sduttweatc 



V> Archaeological Sitea ."Part 'l 
GN-254, 1 yr., 2/27/64 



and Southwestern U.S. 
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980 

12,200 

6,400 

12,700 

i,a§o 

1,840 
1,970 
1,725 
$ 1,460"' 

2,620 

14,660 

5,900 

25,000 

3,000 

10,350 

2,360 

7,300 

♦ 28 , 463 “ 

48,000 

v 

7,500 

. 34,300 

1 1,915 

m ’i - 1 

. 20.320 



INDIANA CKIVJEiSrrT FOUNDATION, "Partial Support of Publication of 
Constituent Structure] A Study cdF Contemporary Mode lb of Syntactic 
Description. " GN2AD. 1/10/64. 1 yr. T 
INDIANA UNIVERSITY FOUNDATION, "Preparation and Publication of Volume III 
of Current Trerxis in Linguistics y subtitled Theoretical Foundations, " 
(21-313, 2 yrs. , 6/18/fc 

THE KEWT'IORX BOTANICAL GARDEN, "Puhll cation af The Hepatic ae and 
Aeathooerotae of North I America ^ G-21066.1, 12/16/63 
THE NEW YORK BOTANICAL GARDES, "Support for Publication of Tvio Issues of 
North American Flora , r GN-327, ljr., 6/25</64 j 

OHIO STATE UNIVERSITY RESEARCH FOUNDATION, "Partial Support of Publication 
of Acoustical Charac t jar 1 a tica of Selected EnpUsh Connonanta . " GN— 241, 

1 yr., 1/10/64 ! 

"Partial Bnxbli cation Support [for The Development 
37, 1 yr., -12/2/63 

D, "Publication of the Monograph, A Manual and 

G-23136.I-, 5/8/64 

"Partial Support of Publication of Migration and 
of Urban Settlement ."_GN-243, I yr. , 12/24/63 
-frt of Publication of A Svatemiatic and Ecological 



UNIVERSITY OF PITTSBURG 
of Arabic Logic ," GN-J 
UNIVERSITY OF RHODE ISL 
Revision of Characea 
UNIVERSITY OF WASHING! 

the Spread and Growth 
YALE UNIVERSITY, 



Study orf Birds 



"Supped 

of y 



Guinea ."- G3J-223, 1 yr., 10/23/63 



YALE UNIVERSITY, "Partial Support af Publication of A Systematic Study 
of the Demo gpongiae 6f Port Koval, Jamaica . " GN-257 , 1 1 yr . , 3/9/64 



Conference Proceedings 
AMERICAN DOCUMENTATION 



INSTITUTE, "Support of the Pro; 
lication of Papers for the October 1963 ADI Annual 
GN-216, 6 mos., 10/4/63 4 

UNIV. OF CALIF. PEESS, "Partial Support for the Publication of Ecology 



ation and Pub- 
eting," 



of Soil-Borne Plant Pathogens. " (21-261, 1 yr. , 3/19/64 



THE COMBUSTION INSTITUTE, "Publication of the Tenth Symposium on 
Combustion ." GN-260, 1 6/3/64 r 

THE NEW YORK ACADPMY OF SCIENCES, "Support for Publication of Proceedings 1 
of First Conference 6n Learning, Remembering and Forgetting," 

"GN-309, 1 yr. , 6 / 30/64 

RUTGERS, THE STATS UNIVERSITY, "Publication of Proceedings of a 
Syrapo s ium on Bacterial Endotoxins to be held at the Institute of 
Microbiology, Bept. 4—6, 1963 , GN-207 ^ 1 yr. , 10/3/63 

TORREY BOTANICAL CLUB, "Support for the Publication of the Symposium, 
Origin and Evolution! of Feme. " GN-259, 1 yr., 3/13/64 
THE WIST AR INSTITUTE, f 1 Sup port for Publication of Symposium Proceedings, 

, Retention of Functickal Differentiation in Cultured Cells > " 

GN-328, 1 yr. , 6/29/j64 . : ; . \ ‘ • ' 

Other Special Projec t J: 1 T? - ; . Vj-’ri.' 

: CO'UIHRCS DEPI./OTS, ^Operational Function* of the FL 420 Trcxiclaticus 

Program," (2^235,12 eosV, 12/27/63 ...... v~' : : 5 

COI'JlEtlCE DEFT «/0TS , • “(jonfctd Support for tho Oporatloua?. Fuu:tionc of 
IISF ? s Special, For oi«h Cu^.en<y Sol* InfQ, Program, Doriiis i’Y 1965, u 
Gt^32i,*ia -mos 6/39/64;.". . . .* •' ; ;.* v , • .t- vp.^. . : •'* . 

COM? rSRCE DEES./OTSV "Ip'.penn es for Handling Subscriptions * of AIDS 

‘''jour/tols' bot -Cijargo ,• : 5 / 26 / 64 ^'' ' ' ' * 

IHT3RU/1'I0UAI ! C0>5«TT}f 5 K)R. SOdAL SdLNCSS DOCU1IEI3TATIOI7 (ICSSD), . 

"Koiur Survvyj of : Rcaecir6?c on 'Interim cc.^i^jlvtery^ Froblciis IJithin Social, 

> Sciences , # Oii-293, ; Jfi kbs * 6/30/64 ' . . - ■.*- 

H/iTIOHAL mi’X |0F JAPAN , » Ccmpilatloii hud Printing of * the 

: Version of the Periodical^ Iudo;c, ijntiireX Soionea -Section," 

Sic.'* aMVc,-C1^^6, l yr#, 10/31/63 



Translations , , 

i Domes tic/Slavic : 

♦ 24,303 . AMIRICAN GEOGRAPHICAL SOCIETY, "Production of an English Edition of 
?v. Soviet Geography: , . Review and Translation, Calendar Year 1964," 

‘ : GN-251V 18 mos . j' '2/28/64 ' 

. 69,340 ... AMERICAN GEOLOGICAL INSTITUTE, "Translation,. Publication and Distribution 
. v V of the 1962 and 1963 Issues of the Russian Journal, Doklady — Earth 

v ,‘ - ■' sciences Sections, "[ GN-190 , 2 yr s . , 9/9/63 ? 



o 



135,094 

41,600 

4,400 

44,504 

38,500 

38,750 

26,775 

19,476 

21,400 

5,100 

72,238 

64,681 

44,227 

64,057 

$ 40,684 
22,575 

6,787 

29,700 

3,549 
32,660 
6,500 
! * 6,000 

26,000 

29,445 
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AMERICAN GEOLOGICAL INSTITUTE, "Production of International Geology 
Review, Vol- VI, 1964,” GN253, 18 moa. , 3/19/64 
AMERICAN GEOLOGICAL INSTITUTE, "Production of English Edition, Russian 
Vols. 154—159 (1964), Doklady — Earth Science Sections," GN-284, 

18 mos . , 5/ 8/64 

AMERICAN GEOPHYSICAL UNION, "Translation and Publication of the 1961, 
and One-Half of the 1962 Issues of the Russian Bimonthly Geomagnetism 
and Aeronomy ." G-24438.1, 10/23/63 
AMERICAN GEOPHYSICAL UNION, "Production of an English Edition of 

Izveatiya . Acadeny of Sciences, USSR, Geophysics Series, 1964 Volume," 
GN-250, 18 mos., 3/9/64 

AMERICAN GEOPHYSICAL UNION, "Production of the English Edition of the 
Information Bulletin of the Soviet Antarctic Expedition, Nos. 31-52 
(1961-1965)," GN-258, 24 mos. , 3/19/64 
AMERICAN GEOPHYSICAL UNION, "Production of an English Edition of the 
Bimonthly Journal of Geomagnetism and Aeronomy, USSR, Vol. 1964," 

GN-265, 18 mos., 3/24/64 

AMERICAN GEOPHYSICAL UNION, "Production of an English Editi .l of the 1964 
Issues of Russian Journal, Geodesy and Aerophotography , n UN-264, 

18 mos. , 4 / 2/64 

AMERICAN GEOPHYSICAL UNION, "Production in English, Soviet Oceanography, 
Including Oceanology Sections of Dokladv and Trudy of the Marine 
Rydrcpbysical Institute, 1964," GN-266, 18 mos., 4 / 2/64 
AMERICAN CEO PHYSICAL UNION, "Production in English of Soviet Hydrology: 
Selected Papers, Russian Literature for 1964," GN-275, 18 mos., 4/28/64 
AMERICAN GEPHYSICAL UNION, "Translation and Publication of Vol. 2, 

Nos. 4-6, 1962, and Vol. 3, Noa. 1-6, 1963, of the Journal Geomagnetism 
and Aeronomy, USSR," GN-108.1, 5/25/64 
AMERICAN INSTITUTE OF CHEMICAL ENGINEERS, "Translation, Publication and 
Distribution of an International Chemical Engineering Journal," 

GN-227, 1 yr., 1/24/64 

AMERICAN INSTITUTE .OF PHYSICS, "Production of English Editions , 1964 Issues, 
Five Russian Journals: Technical Physics; Solid State Physics; 

Astronomy; Acoustics; and Crystallography," GN-286, 18 mos., 6/26/64 
AMERICAN MATHEMATICAL SOCIETY, "Translation, Publication and Distribution 
of Volume IV, 1963 Issues of the Russian Journal, Soviet Mathematics — 
Doklady, " GN-194, 1 yr., 8 / 27/63 

AMERICAN MATHEMATICAL SOCIETY, "Program for Selected Translations of Mathe- 
matical Research Articles from Russian and Other Languages," GN-232, 

l yr., 2/3/64 • -< V./ ' YY"*'Y ‘ : 

AMERICAN MATHEMATICAL SOCIETY, "Production of an English Edition, Vol. V, 
1964, Soviet Mathematics - Doklady, ^ GN-269, 18 mos., 4 / 15/64 
AMERICAN MATHEMATICAL SOCIETY, "Production of English Editions, Vols . XII 
and XIII (1963) , Works of the Moscow Mathematical Society," 

GN-279 , 18 mos-, 5/14/64 

AMERICAN MATHEMATICAL SOCIETY, "Program for Seleoted Translations of 
. Mathematical Research Articles from Russian and Other Languages," 

GN-232. 1, 6/22/64 ‘ : ‘ 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, "Translation and Publication of 
Vol. 27. 1963 Journal of Applied Mathematics and Mechanics ." 

GN— 187 , 1 yr” , 8 / 27/63 ” " " ■ “ v 

AMERICAN SOCIETY OF . MECHANICAL ENGINEERS, "Publication of English Edition, 
Vol. 17. Russian Serial. Friction and' Wear in Machinery ." GN-287. 

14 moa., . 5 / 19/64 . • A ,,'...:. v 

ARCTIC INSTITUTE OF NORTH AMERICA , "Translation and Publication of 

Anthropology of . the North: Translations^ from Russian Sources, No. 5>" 

GN-212, 1 yr., 10/15/63 

COMMERCE DEPT. /Weather Bureau, "Editorial and Abstracting Services, AGU's 
Project for Production in English, Soviet Hydrology: Selected Papers, 

Russian Literature for 1964," GN— 276, 18 mos., 4 / 28/64 
CONSULTANTS BUREAU ENTERPRISES, INC. , "Translation, Editing, Composition, 
Printing, and Circulation of the Calendar Year 1963 Issues of the 
Russian Scientific Journals: Doklady ( Biological Sciences Section, 

Biochemistry Section, and Botanical Sciences Section ) 5 Microbiology ; and 
Soviet. Plant Physiology, " C-327.1, 6/26/64 . <YYY‘ YY; . . 

ENTOMOLOGICAL SOCIETY OF AMERICA, "Translation, Publication and Distribution 
. . of the 1964 Issues, Russian Journal. Entomological Review . " GN-24 2, 

18 mos. , 1/22/64 -■ . : , . 

GEOCHEMICAL SOCIETY, "Translation,^ Publication and Distribution of the 1963 
..••Issues of the Russian Journal of Geochemistry," GN-188, 1 yr. , 8 /I 4/63 
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42,000 

117,530 

25,555 

31,218 

101,773 



$ 97,025 



13,720 



22,000 

46,300 

44,703 

8,776 

19,965 

8,682 



15,573 

41,925 

21,927 

22,701 

100,600 



GEOCHKMICAL SOCIETY, "Production of an English Edition (1964) of a Journal: 
Geochemistry International," GN-295, 12 nos., 6 / 30/64 
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC. , "Translation, 
Publication and Distribution of the 1963 Issues of Three Russian 
Journals: Radio Engineering and Electronic Physics; Radio Engineering; 

and Telecommunications, " GN-203, 1 yr., 9/4/63 
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC., "Translation, 
Publication and Distribution of the 1963 Issues of a Russian Journal of 
Power aid Automatic Control," GN-204, 1 yr., 9/6/63 
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC., "Publication and 
Distribution of an English Edition, 1964 Issues, Russian Journal: 

Engineering Cyberneti c s . " GN-289, 14 mos . , 5/19/64 
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC., "Translation and 
Production (1964 Issues) of Three Russian Journals under Two English 
Titles: Radio Engineering and Electronic Physics; and Telecommunications 

and Radio Engineering," GN-290, 12 mos., 6 / 26/64 
INSTRUMENT SOCIETY OF AMERICA, "Production of English Editions, 1964 

Issues, Four Russian Journals: Automation and Remote Control : Measure- 

ment Techniques : Instruments and Experimental Techniques : and 
Industrial Laboratory ." GN-288. 18 mas . , 5/ 20 / 64 
INTERNATIONAL JOURNAL OF THE SCIENCE OF METALS, INC., "Translation, 
Publication, and Distribution of the 1963 Issues of Four Russian 
Journals : Physics of Metals and Metallography ; Me tallur gi a t : 

Refractories ; and Metal Science and Heat Treatment of Metals . " 

GN-224, lyr., 11/20/63 

INTERNATIONAL JOURNAL OF THE SCIENCE OF METALS, INC., "Production of 
English .Editions (1964) of Three Russian Journals: Metallurgist ; 

Metal Science and Heat Treatment of Metals : and Refractories . 11 

GN-315 , 12 mos., 6/26/64 

OPTICAL SOCIETY OF AMERICA, "Translation, Publication and Distribution 
of the 1963 Issues, Russian Journal of Optics and Spectroscopy ." 

GN-189 , If-, 8/19/63 

OPTICAL SOCIETY OF AMERICA, "Production of the 1964 Issues of Russian 
Journal of 6 bMcb and Spectroscopy ." GN-262, 18 mos., 3/19/64 
OPTICAL SOCIETY OF AMERICA, "Translation and Editing of the 1962 Issues 
of the Russian Journal Optics and Spectroscopy ." G— 20913. 1, 6/30/64 
SOCIETY FOR INDUSTRIAL AND APPLIED MATHEMATICS , "Translation, Publication 
and Distribution of Volume 8 ( 1963) of the Russian Journal, Theory of 
Probability and Its. Applications ." GN-206, 14 mos # , 10/3/63 
SOCIETY FOR : INDUSTRIAL AND APPLIED MAT HEMATICS, "Translation and Publica- 
tion of Selected Articles on Control Theory in the Journal of the_ So piety 
for Industrial and 'Applied Mathematics « Series A, Control , " 

GN-271, 24 mos., 4 /I 6/64 

SOCIETY FOR INDUSTRIAL AND APPLIED MATHEMATICS, "Production of an English 
Edition, Vol« 9 (1964) Russian Journal, Theory of Probability and Its 
Applications . n GN-278, 18 mos., 5/1/64 
SOIL SCIENCE SOCIETY OF AMERICA, "Production of an English Edition, 1964 
Issues Russian Journal, Soviet Soil Science ." GN-270, 15 mos*, 4/20/64 

Domes tic/ Oriental: 

AMERICAN MATHEMATICAL SOCIETY, "Translation, Publication and Distribution 
of the 1963 Issues of the Journal, Chinese Mathematics — Acta ." 

GN-195 , 1 yr. , 8/27/63 

AMERICAN MATHEMATICAL SOCIETY, "Production of an English Edition, 1964 Issues, 
Chinese Journal of Mathematics— Acta, " GN— 273 , 18 mos., 4/16/64 
INSTITUTE OF ELE CTRICAL AND ELECTRONICS ENGINEERS, INC., "Production of 
English Editions, 1964 Issues, Two Japanese Journals: El gc t roni cs _ and 

nnmrm ini cations in Japan : and Electrical Engineering in Japan ," 

GN-282, 18 mos., 5 / 25/64 



Special Foreign Currency Translation Program 



$ 550,000 
325,000 
125,000 



ISRAEL C-244.4, 1/29/64 and 0-244*5, 2/17/64 @ $275,000 e a_ 

POLAND C-250.5, 3/2/64 

YUGOSLAVIA C-251.5, 2/17/64 
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FEDERAL SCIENCE INFORMATION 



S cience Information Exchange 



$ 240,000 



o 

me 



SS^SSECUH IKSTirbTIOII, "Partial &kj 
Ex pansesoftbo Scibnea Inforiimtioi 
4 jncoiiduents provided the total S', 
vtcig funded on a r^ult i^agenoy basic 
ECO, $375,000; FAA, £25,000;. Hat, 
V/j, $65,000) 

$24-0, COO, Gl-201, 8/30/63 * 

175.000, 021-201.1, XL/8/63 

150.000, GI'J-201«v2, 12/31/63 
'3)75,000, 01^201,3, 2/14/64 

'~D,000, 01W201.4, 4/17/64 



ipport for the Annuel Operating 
in Exchange," 1 yi*,j GN-201 uith 
liB budget of -$1,500,000 which- 
(USF, $240,000; AEC, $100,000; 
$300,000; NASA, $395,000; 



National Referria.1 Center 



$350,000 



397,900 



IIDuLot OF OOKGRESS- "Support. of th 
. Science eiid TcolinoDjogy:," GN-218, 
(fee's fiscal years 10/1/63 ^9/ 
LISR/ftY'OP CONGRESS, "Support of thp 
Scion co nnd Technology," GJI-324, 

: 6/26/64 :: ■ :*/;• Mr 



and 



a Rational Referral Canter for 

iL yr,. 10/17/63 

^30/64} 

‘ HationaX Ref onral Center for 
yr. (10A/64-9/30/65), 



National Information Centers .. s 

$200,000 OOltf'EiRCE DEPT ,/lIATIONAL EUR3AU OP STANDARDS, "Partial Support During 
FX 19o<> of. a “Rational Standard Reforested Data Syatam , (NSRDS )! u 
CIT-217, 1 yr ., 10/3/63 : 

30,560 COM’HRCB DF^T */0IOTCS OF TECHNICAL SKIVICES, ^Keywords Index to 
■ - u « S , Government Technical Reports , « G2446S *2, 3 kos •# 11/22/63 

<*53,000 transferred to DXRRARX OF CONGRESS for support of Russian Acces- 
sions (itfRA^Konthly Index of Russian Accessions) W NSF/JTUilcon 
ltl*. of -V - 

103,<JOO NAS/NRC, "Support of Offico of CritioalTables," C310/£ask21,Apa. 2, 
. 1 yr., 6/25/64 -r-', ; j . i; \ ./• :• • 
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DOMESTIC AND FOREIGN SCIENCE INFORMATION 



Domeatio Science Informatioji 



$ 17 , OOO AMERICAN DOCUMENTATION INST J.TOl'E , "The Continued Growth and Expansion 

in Activities of the Americar Documentation Institute," GN-220, 

12 DOS., 12/2/63 

40,205 AMERICAN LIBRARY ASSOCIATION, "To Support a Project, the AMERICAN 
REFERENCE CENTER, " GN-197, 3 yrs., 8/27/63 
6,000 BIOLOGICAL ABSTRACTS, INC., "UNESCO Working Party on Scientific • 
Publications, September 16-21 1963 and ICSU Abstracting Board, 

September 23-25, 1963," GN-I90, 3 mos., 8/27/63 Partial 

* 15,000 FEDERATION OF AMERICAN SOCIETIES FOR EXPERIMENTAL BIOLOGY, "Continued/ 
Support by NSF of the Office of Biological Handbooks," GN-255, 

3 / 9 / 64 

.37,023 MIDWEST INTER-LIBRARY CENTER, "Continued Partial Support of Operation. 

of the Scientific Journals Center," GN-236, 12 itiob., 12/ 23/63 
36,400 NATIONAL FEDERATION OF SCIENCE ABSTRACTING AND INDEXING SERVICES, "Partial 
Support of the Secretariat of NFSAIS," GN-3l4, 12 mos., 6/29/64 
16,940 NEW YORK PUBLIC LIBRARY, "Support of the American Standards Association, 
Sectional Committee Z39, " GN-228, 1 yr., H/15/63 
13,750 UNIVERSITY OF NOTRE DAME, "Participation of Ten European Biological 
Editors in the May, 1964, CBE Meeting," GN-I84, 1 yr., 8/19/63 
1,500 UNIVERSITY OF NOTRE DAME, "Participation of Biological Editors in the 
May 1964 CBE Meeting," Amd. #1 to GN-184.1, 2/24/64 
13,838 SPECIAL LIBRARIES ASSOCIATION, . "Support of a project, Special Loan 
Collection of Classification Schemes and Subject Heading Lists," 
mos — 3/2/53 ■ * 

50,4-"f-3 SPECIAL LIBRARIES ASSOCIATION, " Continued Collateral Support of the 
Op eration of the Translation Center," GN-213, 1 yr., IO/21/63 
50p. . WXTfEBORG AND WILLIAMS, UNO., "Design of an Exhibit on Scientific and 

Technical Resources," P.0. 6^ -94l, (Program Contract), 6/30/64 # 

Foreign Science Infonration 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCES , "Partial Support 
of a Symposium on Japanese Science, to be held in Cleveland, Ohio, 

December 26-27, 1963," ©1-196, i yr., 8/27/63 
AMERICAN INSTITUTE OF PHYSICS, "Operation of the Information Center on 
International Physics Activities,” GN-285, 2 yrs., 5/8/64 
AMERICAN MATHEMATICAL SOCIETY, "To Provide Russian and Related 
Mathematical Literature for Abstracting and Research Libraries," 

GN-209, 18 mos./ IO/3/63 

ARTIC INSTITUTE OF NORTH AMERICA, "Survey of European Institutions 
Active in Artie Research, " GN-256, 24 mos., 3/9/64 
ARTHUR D. LITTLE, INC., "Preparation of a Directory of Research Institutes 
of Eastern Europe in the Biological and Physical Sciences," C-343, 

1 yr., II./1/63 . 

BERNICE P, BISHOP MUSEUM, "Continued Support' of the Operation of the 
Pacific Science Information Center, " GN-215, 1 yr., 10/l4/63 
U , S . DEPT . OF COMMERCE/U . S . BUREAU OF THE CENSUS, ‘'Preparation and 
Publication of A Bibliographic Survey of Social Science Literature 
Published in Communist Bloc and Other Difficult LancniFigpR t " GN~1Q? 

1 yr. , 6 / 87/53 ! 

U. S. DEPT. OF COMMERCE/U. S. BUREAU OF THE CENSUS, "Preparation and 
"Publication of A Bibliographic Survey on Social Science Literature 
Published in Communist Bloc and Other Di fficult Languarces." GN-274. 

1 yr-, 4/28/64 " " ^ . ' 7 ■ * 

U. S. DEPT •OF COMMERCE/PATENT OFFICE, "Foreign Research Associates 
Program," Amd. #1 to GN-4.1, 2 mos., IO/17/63 
U* S. DEPT* OF COMMERCE/PATENT OFFICE, "Foreign Research Associates 
Program," Ami. #2 to GN -4. 2, 3 mos., H/6/63 
U, S. DEPT. OF COMMERCE/PATENT OFFICE, "Foreign Research Associates 



$ 35 ,.O0O 

58,880 

37,314 

8,844 

47,000 

15,788 

75.500 

47,000 

5,000 

11.500 
56,655 



3 . 6,834 

10,350 

13,373 

9,956 

12,242 

i 

/if 1 '2,900 

85,670 

3,389 

11,362 

12,650 



“Pro gram," Amd. #3' to GN~-4\3, 9 mos., 2714/64 
DOCUMENTATION, IRC., "Obtaining, Evaluating and Abstracting the Serial 
Literature of Librarianship, Documentation and Information Technology 
Published in East European Countries," C-347, 1® mos., U/5/63 
IHTERKATIORAL COUNCIL OP SCIENTIFIC UNIONS/ ABSTRACTING BOARD, Continued 
Partial Support of ICSU Abstracting Board," GN-326, 1 yr., 6/25/64 
KEBRARY OF CONGRESS, "Partial Support for the Publication of Part I, 

World List of Future International Meetings, " GN-205, 1-yr., 9/19/63 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY,' Acquis it Ion and Compilation of 
A Current Union List of Communist Chinese Serials, " Amd. #1 to GN-98.I, 
12 mos., 2/27/ 64 : 

MASSACHUSETTS INSTITUTE OP TECHNOLOGY, "Acquisition and Compilation of 
A Current Union LiBt of Communist Chinese Serials, " Amd. #2 to GN-9°.2, 

6 mos., 6/29/64 , ~ 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, "Study into the Dissemination 
of Scientific and Technical Information in the U.S.8.R.," Amd. #1 
to GN -124.1, 6/l7/64 ' 

NATIONAL ACAES4Y OF SCIENCES /NATIONAL RESEARCH COUNCIL, "Continued 
Support of the Office of Documentation," C-310, Task Order #4l.2, 
2/6/64 

NATIONAL FEDERATION OF SCIENCE ABSTRACTING AND INDEXING SERVICES, 
"Acquisition of Mainland Chinese Journals," GN-27T, 12 mos., 

4/24/64 

PRINCETON UNIVERSITY, "Preparation of A Guide to Soviet Sc ience s," 

Amd. #2 to G-17474.2, 12 mos., 3/13/64 7 ‘ “ 

UNION OF INTERNATIONAL ASSOCIATIONS, "Compilation and Publication 

of, l) A Monthly Current List, and 2) An Annual Bibliography of 

International Conference Proceedings, " GN-246, 12 mo*., 2/27/64 ' 
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DATA CO LLE CTION AND PUBLICATIONS 



4 120 

a/sSST 

45 , 36o 
; 5 , 336 ’ 

14,500 

3,089 

28,770 

5,350 

12,681 

r 9,Too 



flUHKAU OF -iOCXAL SCIENCE RESEARCH, IHC., "Contract for Scientific 
Society- Survey, " Amd. #1 to C- 32 V.JL, 3 /l6/64 
U. S. DEPT- OF COMMERCE/OFFICE OF TECHNICAL SERVICES, ‘‘Documentation 
Research. Reports Center," GN- 23 O, l-yr», U/ 15/63 
DAIATROL CORPORATION, "Study of Common Vocabulary ..Appro aches for 
Government Scientific and Technical Information Systems," 

C-34S, 3 moo., 9A3/63 - 

DATATROL CORPORATION, "Consultation with COSATI Agencies in Connection 
with Staff Study of Common Vocabulary Approaches for Government 
Scientific and Technical Information Systems," C- 369 , 3 mos., 6/30/64 
DATATROL CORPORATION, "Compilation of a Structured Composite Listing 
of the Indexing Vocabularies Currently Used by the Technical Infor- 
mation Systems of ASTIA, AEG, and NASA," Amd. #1 to C-295-1, 2 mos., 
5/5/64 

HER3SER AND COMPANY, "For Services to be Performed in Assisting in the 
Preparation of Current Research and Development in Scientific 
Documentation, No. 13 ,"' F.O. #64-150, 8 / 6/63 
HERNER AND COMPANY," " Survey and Study of Nonconyentional Technical 
Information Systems, " C -362 , 9 mos., 6/17/64 — 

MAZXA ENCtIREERING, "Preparation for Publication of Current Resea rch 
and Development in Scientific Documentation, • No . Ji3, C-352, 5 mos., 
2/27/64 1 ~ „ , 

SCRIPTA TECHNIC A, INC., "A Series of Bullet ins Describing the Sci.enta.j.Jf 
Information Activities of Federal Agencies," Amd. #3 to C- 163 . 3 , -6 

iJSSZfiL ■■■;■■ ' . v :^ ‘7 .; 

BCKJPTA TBCHNICA, Tg&t, "A Series of Bulletins Describing the 



Scientific InfOTi^ntion Activities of Federal 

AaA. #5 to C- 163 . 5 , 6 mos., 6/22/64 





0-63 — —7 
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PROSUM/ACTIVITY SUMMARY 
SCIENCE INFORMATION ACTIVITIES 
FISCAL YEAR 1965 



RESEARCH AND STUDIES 



patterns 



♦ 30,600 COLUMBIA UNIVERSITY, "Synthesis of Research or the Flow end Use of 
Beientifio and Technical Information," ON -3932*. 14 mos., 3/19/65 
MASS. INST. OP TECH., "The Role of Information In Parallel RAD 
Projects," GN-353, 24 mos., 10/26/64 
UNIV. OF PA., "A Behavioral Theory of Communication, " GN-389, 

12 nos * , 3/9/65 

STANFORD UNIV . , "Science Information Exchange Among Communication 
Researchers.," GN-434, 24 zk > s ., 6/7/65 



95,300 

34,800 

1 

57,100 



IfTgm-mjiMon Sources said Services 



360 , 5^0 

9.150 

62,200 

66,000 

31,880 

800 

113,050. 

23,600 

59,323 

447 

49,900 

137,016 

; 9^,588 



AM1KICAN DOClMENrATION INSTITUTE, "Support of An Annuel Reviev of 
Information Science," GN-352, 24 nos., 3/8/65 
AMERICAN METBOROIOGICAL SOCIBTY, "Qualitative -Quantitative Evaluation 
of Foreign Geophysical Journals by the Citation Frequency Method," 
GN-390, oral., 3/10/65 

UNIV. OF CADIF. (Los Angeles), "Reaearch on the Measurement of File 
Operating Effectiveness," GN-422, 24 mos., 6/1/65 
GENERAL ELECTE^C COMPANY, "Design of a Program for Gathering Data on 
the Utility of Indexes," C-4l2, 9 mos., 6/14/65 
GENERAL ELECEEXC COMPANY, "An Investigation of Basic Processes Involved 
In the Mainsal indexing of Scientific Documents," C -422, 12 mos., 
6/30/65 



INBriTUTE^ FOR. .ADVANCEMENT OF MEDICAL COMMUNICATION. "Keypunching and 
Verification of Abstract 8 of 285 Documents," GN-442, 3 moo., 6/28/65 
MASS . INST . OF TECH . , "Development of a Test Environment for Information 
Systems," ON-292.1, 6/4/65 

UNIV. OF ROCHESTER, b An Evaluation of Behavior -Related Studies in the 
Area of Scientific Information Dissemination," GN-398, l4 mos., 

5/3/65 

ROVILAND AND COMPANY, "A Study of the Organisation of Technical and 
Professional Information on Documentation," C-421, 12 mos., 6/30/65 
SCIENCE COMMUNICATION, INC,, "User Survey of Genetics Citation Index," 
C-330. 2, 1/29/65 " 

SYSTEM DEVELOPMENT CORPORATION, "A Method for Analysing Document 
Representation Techniques," GK-4o8, 12 ads'., 5/12/65 
SYSTH4 DEVELOPMENT CORPORATION, "A Laboratory Approach -W the Coloration 
Stgdg of^Relevanc^A^iessments in Relation to Document Searching, " 

MKSTBHN KBBEKVE tiNIVERSITY, ’ "A Field ExP e rimhnt si Approach to the 
Stxaly of Relevance Assessments in Relation to Document Searching," 

0-423, 2 yre., 6/29/65 



prgflnlgflHnn And Searching 



•2,013 

89.700 

77.700 
30,383 

87,100 

28,000 



AMERIOAH IKBTITUrE OF PHYSICS, "Editing Proceedings of the International 
Conference. on Classlfl cation Research," OH-395, 3 mos., 5/5/65 
UNIV ER SI TY OF CHICAGO , "A Study of Indexing Depth and Retrieval 
Effectiveness," OH-380, 15 mos., 2/2/65 
HARVARD UNIVERSITY, "Research on and Evaluation of Some Models for 
Automatic Document Retrieval Systems," GN-360, 12 mos., 12/22/64 
HUMAN SCIENCES RESEARCH, INC., "A Critical Review of the Experimental 
Design Aspects of Testing and Evaluating Information Retrieval 
Systems and Techniques," C-4l8, 6 mos., 6/30/65 
RUTGERS, THE STATE UNIVERSITY. ’"A Classed Thesaurus as an Aid to Indexing, 
Classifying, and Searching. GN-445, 2 yrs., 6/3O/65 
WESTERN RESERVE UNIVERSITY, "Automatic Processing of Metallurgical 

Abstracts for the Purpose of Information Retrieval," GN-303.1, 6 mos., 

2/15/65 



95 



INFORMATION SYSTEMS 



Retrieval 



♦ 150,500 
349,500 

215/000 

251 

49,200 

18,000 



JM6HCCAN CHEMICAL SOCIETY, "Research and Development Lending to 
a Computer-Based Chemical Information Bbrstem," (321-382. 1, 

5/2/65 

AMERICAN CHEMICAL SOCIETY, "Experimental Development of a 
Mechanized Registry System for Chemical Compounds and for 
Be search and Development in Selected Information Handling 
Problems," C-4l4, 2 yre., 6/%/65 
AMERICAN IN STITUT E OP PHYSICS, "The Universal Decimal Classifi- 
cation as an Indexing Language for a Mechanized Reference 
BetrievaL System;" GN-4-33, 24 nos., 6/23/65 
INFORMATION DYNAMICS CORPORATION, "The Synthesis and Analysis of 
Scientific Information Service Networks," C-263»3> 7/29/64 
INFORMATION DYNAMICS CORPORATION, "A Study of the Feasibility of 
Creating a National Inventory of the World* s Scientific and 
Technical Serial Publications," C-413* 6 moB., 5/26/65 
INFORMATION DYNAMICS CORPORATION, "Development and Test of 
Information System Model," C-370.1, 3 mos., 5/26/65 



nil! Tranalatlon 

t 294,000 'UNIVERSITY OF CHICAGO, "Basic Research on Methods of Translating 
Languages by Machine," GN-412, 24 mos . 5/22/65 
244,000 WAYNE STATE UNIVERSITY, "Research in Automatic Russian -English 

Scientific and Te chnical Lexicography, " GN-430, 24 mos . , 6/11/65 



I Atom ggaiattfl. 

$ 184,850 UNIVERSITY OF CHICAGO, "Requirements Study for Future Catalogs," 
GN-432, 24 mos., 6/22/65 / ' 

; 14,400 UNIVERSITY OF MASSACECUSEOTS, "Analysis of Library User Circulation 
Requirements, "ON-435, 1 yr. , 6/7/65 

5,000 WEST VIRGINIA UNIVERSITY, "Investigation, of the Potential Use of 

the Resources of a Large Academic Library by the Smaller Academic 
/ Idbrariea arkL the Libraries of Industrial 0rgani*ati6hs Within 

/ the Distinct Region," GN-I76. 1, 12 mo. ,12/24/64 



EuaAflfiflgfl Sz&am 







AMERICAN CHEMICAL SOCIETY, "Analysis of the * Role of the Computer 
•.•"in' Scientific Publication , " GN-426; 24 mos; , 6/30/65 ‘ 

INFORQNICS, INC., "Machine Recording of Textual Information During 
the Publication of Scientific Journals," C-305- 2/14 mo., 5/5/65 










- . 



PUBLICATIONS SUPPORT 



Abatrac* -^p ^nr\ Icnd'gjcing 



$ 120, *00 AMEBICAN GEOLOGICAL INSTITUTE, "Preparation and Publication of 

*$3coScience Abstracts" During Cal enda r Teara 19^5 _1 9 66," 

S*-4l9, 2^ n»s., 6/22/65 

Il6,£l6 AMERICAN METEOROLOGICAL SOCIETY, "Emergency Support for 

Meteorological and. Geoastrophysical Abstracts, ” GN-316-1, 

2/19/65 • 

187,500 AMERICAN METEOROLOGICAL SOCIETY, "Preparation, Publication and 
Distribution of tbe 1965 Volume of Meteorological and 
Geoastrophysical Abstracts (MGA), and A Cu mu lative Annual Index 
Belat ing The ret o , " C -417 , 12 nos-, 6/9/65 

68.5 00 AMERICAN PSYCHOLOGICAL ASSOCIATION, "Preparation and Publication 

of Psychological Abstracts For Calendar Year 1965," GN-4l8, 

12 mos., 6/4/65 ~ 

75O AMERICAN SHORE AND BEACH PRESERVATION ASSN-, "Preparation and 

Publication of a 30-Year Cumulative Index to SHORE AND BEACH," 

(31-394, 12 bob., 4/23/65 

155,600 AMERICAN SOCIETY FOR METALS, "Expansion and Upgrading of REVIEW 
OF METAL LITERATURE (RML)," GN-354, 40 mos-, 10/29764 
23,800 ASSOCIATION FOR COMPUTING MACHINERY, "Publication of Computing 
Reviews , w GN-440, 12 mos - , 6/30/65 

10,420 ASSOCIATION FOR SYMBOLIC LOOIC, "Preparation and Publication of 
the Journal of Symbolic Logic, " GN-429, 1 yr-, 6/30/65 
112,800 BIOLOGICAL ABSTRACTS, "Publication of Biological Titles, " GN-415, 

12 mos., 5/22/65 1 

184.000 ENGINEERING INDEX, "Computerized Abstracting and Indexing Pilot 

Program in Plastics and Electrical and Electronics Engineering," 

GN-383, 14 mos., 2/12/65 

120.000 ENGINEERING INDEX, "Preparation and Publication of Engineering Index 

during Calendar Year 1965," GN-409, 12 mos., 5/19/65 

88,200 AMERICAN MUSEUM OF NATURAL HISTORY, "Preparation and Publication of 
Catalogue of Smaller Index Fora mini. ?era , " GN-417, 36 bob., 5/22/65 

72.600 TtWTV RBSTTFY OF cialtfornta , '‘Preps ration" af Volume VIII, Bibliography 

of FoBBil Vertebrates," GN-405, 60 moBi, -4/l/65 

5.60.0 YALE UNIVERSITY ; "Preparation and Publication of a 6 -Year Cumulative 

Index to Radiocarbon . " GN-396., 12 mos^, 4/28/65 

Publications (Other than A&l) 

Research Journals: -- 

t 29,337 INSTITUTE OF ELE CTRICAL AND ELECTRONICS ENGINEERS (IEEE), "Publication 
and Distribution of an English Edition, 1965 Issues, Russian Journal, 
Engineering Cybernetics " CN-371, 18 mos . ,12/24/64 

Monographs: 

1,750 AMERICAN MUSEUM OF NATURAL HISTORY, "Publication of a Monograph, 

Delta theridia. a New Order of Mammal a , " GN-423, 12 moa., 5/26/6 5 

1.000 BERNICE F. BISHOP MUSEUM, "Publication of Bi bid pots phi c Xntr oduction_tQ. 

New Guinea Entomology. 11 GN-344, 12 mos., 10/12/64 
8,350 CALIFORNIA INSTITUTE OF TECHNOLOGY, "Preparation of Charts and Plates, 
Catalogue of Galaxies and Clusters of Galaxies , ■ V olume a III and V," 
GN-436, 24 moa. , 6/8/65 „ _ 

19.500 HUMAN RELATIONS AREA FILES, INC., "Publication of A Cross- Cultural Summary, 

GN-416, 6 mos., 6/4/65 * 

1,725 INDIANA UNIVERSITY FOUNDATION, "Preparation and Publication of gurym* 
Trends in Far Eastern Llntmiatica ," GN-132.1, 3/31/65 
9 300 LEHIGH UNIVERSITY^ "Appraisal of Contemporary Russian and East European 

Information in Psychology and Related Areas," GN-351, 12 moa., 10/20/64 

25,000 NATIONAL ACADEMY OF SCIENCES/NATIONAL RESEARCH COUNCIL, "Publication of 
The Quaternary of the United States ." C-310/Task #93, 1 yr., 3/29/65 

13.600 BOTANICAL 7 GARDEN , "Publication of Three Issues of Memolra of 

liff TftTB T Y v Garden. " GN-348, 24 mos. , 10/28/64 
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3,425 

11,200 

1,725 

8,000 

10,350 

31,000 

2,125 

1,350 

50,000 

1,500 



NEW "YORK BOTANICAL GARDEN, "Publi cation of Manual of the Le afy Hepaticae 
of Latin America, Part II , 11 GN-402, 12 mos., 5/3/65 
NEW YORK BOTANICAL GARDEN, "Publication of Two Issues of ftemoirg of the 
New York Botanical Garden," GN-413, 12 mos., 6/9/65 
UNIVERSITY OF PITTSBURGH, "Publication of Al-Kindi t An Ann otated 
Bibliography . " GN-359, 12 mos., 12/22/64 
RESEARCH INSTITUTE FOR THE STUDY OF MAN, " A Bibliographic Guide for 
Social Science Research in the Non -Hi 3 panic Territories of the 
Caribbean . " GN-401, 6 mos., 5/3/65 

THE UNIVERSITY OF TEXAS, "Partial Publication Support of the Book entitled 
The Baboon as an Experimental Animal . " GN-349 , 12 mos . , 10/28/ 64 
THE UNIVERSITY OF. TEXAS, "Publication of Volumes I and II of The Handbook 
of Middle American Indians ." GN-3 55, 12 mos., 12/8/64 
YALE UNIVERSITY, "Publication of Fossil Mammalia of the H uerfano Formation, 
Eocene, of Colorado ." GN-3 56, 12 mos. , 12/3/64 

Conference Proceedings: 

AMERICAN SOCIETY OF NATURALISTS, "Publication of the Symposium Proceedings, 
Cytoplasmic Units of Inheritance ." GN-437, 6 mos., 6/22/65 

Other Special Projects, : 

AMERICAN SOCIETY FOR METALS, "Cooperative Support of the Information 
Searching Service of the ASM," GN— 427 , 12 mos., 6/23/65 
AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES, "Dissemination of the English 
Version of the Japanese Journal of Plant and Cell Physiology e 

United States," GN— 51-1, 12 mos., 6/22/65 



Translations 



* 23,900 

136,070 

38,915 

48,300 

18,990 

57,020 

17,965 

25,000 

36,900 

35,360 

53,245 

1,150 

49,860 

19,100 



Domestic/Slavic:. . 

AMERICAN GEOGRAPHICAL SOCIETY, "Production and Distribution of a Selected 
Translation Journal, Soviet Geography: Review and Tra nslation. 

Vol. VI (1965)," GN-363, 18 mos., 12/24/64 o n 

AMERICAN GEOLOGICAL INSTITUTE, "Production and Distribution of a Selected 
Translation Journal: International Geology Review . Vol. VII, 1965," 

GN-364, 18 mos., 12/247&4 ' . , ■ . . ~ . 

AMERICAN GEOLOGICAL INSTITUTE, "Production and Distribution of an English 
Edition of Dokladv of the Academy of Sciences, USSR. Ear th Selenga 
Sections . 1965 Issues (Mos . 160-165) , " GN-369, 18 mos . , 12/24/64 
AMERICAN GEOLOGICAL INSTITUTE, "Production arid Distribution of a Selective 
Translation Journal: Geochemistry International . Vol. II (1965) V* 

GN-406, 12 mos.', 5/17/65 ' ' 

AMERICAN C®0 PHYSICAL UNION, "Production and Distribution of Soviet 
Hydrology; Selected Papers . Vol. 1965," GN-366, 18 mos., 12/24/64 

AMERICAN^ GEOPHYSICAL UNION, "Production and Distribution of English Editions 
of -the 1965 Issues of Two Russian Journals.: Igvestiya of the Academy p£ 

Sciences USSR: Atmospheric and Oceanic Physics Series and garth 

Physics Series 7"“ GN-373 . 18 moa., 2/5/65 
AMERICAN GEOPHYSICAL UNION, "Production and Distribution of a Selected 

Translation Journal: Soviet Oceanography . 1965, " GN-374V 18 mos., 2/2/65 

AMERICAN GEOPHYSICAL UNION, "Production and Distribution of an English 

Edition of the 1965 Issues of Russian Journal: Geodesy and Apirophotogyaphy, 

(21-375, 18 mos., 2/2/65 : 1 / . * v «. ■ ' V' / 

AMERICAN GEOPHYSICAL UNION, "Production and Distribution of an English 
Edition of the Russian Journal: Geomagnetism and .Aeronomy . 1965 Issues, 

GN-378, 18 mos., 2/2/65 ^ . 

AMERICAN GEOPHYSICAL UNION, "Production and Distribution of an English 
Edition of the 1965 Issues of Russian Bimonthly Journal Oceanology., 

GN-420, 18 mos., 6/8/65 . , . ... _ 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS, "Production and Distribution ol a 
Selected Translation Journal: International Chemical En fingering , 

Vol. V (1965)," GN-372, 18 mos., 12/24/64 
AMERICAN INSTITUTE OF PHYSICS, "Scientific Editing of an English Translation 
of D, To Rnnk A Course In Practi cal Astrophysics., 

GN-397, 12 mos., 4/28/65 , „ _ ... . 

AMERICAN MATHEMATICAL SOCIETY, "Production and Distribution of hd. English 
Edition of Soviet Mathematics - Doklady , Vol. VI (1965)* * 

GN-3 87, 18 mos., 3/H/65 ' ^ 

AMERICAN MATHEMATICAL SOCIETY, "Production of an English Edition of 
Tpyi^nt^ona of the Moscow Mathematical Society . Vol. XIV (1965}, 

GN- 407 , 18 mos. , 5/12/65 



79,968 

* 43,815 

3,448 

6,500 

22,400 

95,555 

100,460 

3,840 

46,159 

18,780 

51,980 

6,460 

36,600 

39,668 

7,040 

96,950 

Speoial E 

1675,000 

100,000 

225,000 
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AMERICAN MATHEMATICAL SOCIETY, "Program for Selected Translations of 

Mathematical Research Articles from Russian and other Foreign Languages 
(1965),” GN-410, 18 mos., 5/17/65 

ARCTIC INSTITUTE OF NORTH AMERICA, "Production of Anthropology of the 
North t Translations from Russian Sources . Vole. 6-9," GN-362, 18 mos., 
12/24/64 

COMMERCE DEFT. /Joint Publications Research Service, "Translation and 
Publication of the Russian Book: A Course in Practical Astrophysics . " 

P.0. 65-243, 12 moa., 9/17/64 

COMMERCE DEPT. /Weather Bureau, "Editorial and Abstracting Services for the 
American Geophysical Union Project for Production and Distribution of 
S oviet Hydrology; Selected Papers . Vol. 1965," GN-365, 18 mos., 12/24/64 
ENTOMOLOGICAL SOCIETY OF AMERICA, "Production and Distribution of an English 
Edition of Entomological Review . 1965 Issu es," <21-367, 18 mos. , 12/24/64 
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, "Production and Distribu- 
tion of English Editions of the 1965 Issues of Three Russian Journals, 
under Two English Titles: Radio Engi neering and Electronic Fhyqica. and 

Telecommunications . " GN-379, 18 mos., 2/2/65 
INSTRUMENT SOCIETY OF AMERICA, "Production and Distribution of English 
Editions of the 1965 Issues of Four Russian Journals: Automation and 

Remote Control : I nstruments and Experimental _Teohaicweg t Measurement 
Techniques : and Industrial Laboratory ." GN-37Q, 18 moo., 2/11/65 
NATIONAL ACADEMY OF SCIENCES/NATIONAL RESEARCH COUNCIL, "Translation and 

Publication of Soviet Studiea in Tu fflavaa and Ignimbrit qg . " C-310/Taak 101, 
12 mos., 6/29/65 

OPTICAL SOCIETY OF AMERICA, "Production of English Editions of Russian 
Journal, Optics and Spectroscopy . 1965 Issues," <21-361, 18 mos., 12/24/64 
SOCIETY FOR INDUSTRIAL AND APPLIED MATHEMATICS, "Production and Distribu- 
tion of an English Edition of Russian Journal: Theory of Probability 

and Its Applications . Vol. 10, 1965," GN-376, 18 mos., 12/24/64 
SOIL SCIENCE SOCIETY OF AMERICA, "Production and Distribution of an English 
Edition of Soviet Soil Science . 1965 Issues," GN-377, 2/11/65, 18 moo, 

SOIL SCIENCE SOCIETY OF AMERICA, "Production of an English Edition, 1964 
Issues of the Russian Journal, Soviet Soil Science ." GN-270.1, 6/22/65 

Domestic/Oriental: 

AMERICAN INSTITUTE OF PHYSICS, "Translation of the 1965 Issues of (Chinese) 
Journal, Aota Physioa Slnlca ." QN-393. 15 mos,, 4/6/65 
AMERICAN MATHEMATICAL SOCIETY, "Production and Distribution of an English 
Edition of Chinese Mathematics - Aota . Two 1964 Issues and Six 1965 
Issues," GN-388, 18 moe., 3/11/65 

COMMERCE DEPT. /Joint Publications Research Servioe, "Translation of Aota 
Geolorica Sinlca . Vol. 44, Nos. 1-4, 1964,” GN-399, 12 *06., 5/6/65 
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, "Production and Distribu- 
tion of English Editions of the 1965 Issues of Two Japanese Journals: 

. Electronics ancL Ccmmunl cations In Japan and Elootrioal Engineering In 
Japan ." GN-381. 18 mos,. 2/2/65 

oreigh Currency Translation Program 

ISRAEL C-244-7, 12/24/64 

POLAND ' C-250.8, 10/26/64 

YUGOSLAVIA C-251.8, II/ 4/64 
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FEDERAL SCI2WCE INFORMATION 



gglT™ Tnformntlon Eto 



$2, OOO- 000 BM3TTO0HIAH XHBMTUTION, "Continued Support for Annual Operating 
^ Xxpenaes of the Science Information Xxchangefor TX 1965* " 

GH-336, 1 yr* , 9/9/64 

1,500,000 SMITHSONIAN INSTITUTION, "Continued Support for Annual Operating 

Expenses off the Science Information Exchange," GN-336.2, 6/30/65 



flittaail Baligil fian&g 



$ 4T7,000 LIBRARY OF CONGRESS, "National Referral Center for Science and 

Technology^" GN-444, 1 yr«, 6/30/65 

flattgaal IngamUan-fii atm 

* 166,521 Transferred to LXBEAHX OP CONGRESS for support ofRusslsn Acee«elona 

(MIRA -Monthly Index of Ruaaian Accessiona) by NSF 



Other PraJ atria 

$ 10,000 DEPARTMENT OF DEFENSE, "to eid in procuring atudiea required by the 

COS ATI Task Group on National Systems," MOR 65-38, 4/9/65. 

117,300 BATTELLE MEMORIAL INSTITUTE, "Science Information Exchange Require- 
ments Study," 0-431, 7i no a., 6/14/65 














i03 







X‘: 
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DOMEST IC AND FOREIGN SCIEN CE INFORMATION 

Domestic Science Information 

$ 1,500 AMBHICAI! GEOLOGICAL INSTITUTE 7 



O 

ERIC 



Resume of Earth Sciences Publi- 
cations Activities, n GN-425, 6 mos., 5/26/65 
69,400 ASSOCIATION OF RESEARCH LIBRARIES, "Terminal partial support of 
the Secretariat of the Association of Research Libraries," 

GN-368, 36 moe., 12/2 4/64 

1,840 BIOLOGICAL ABSTRACTS, "Resume of Biological Sciences Publications 
Activities," GN- 428, 6 mos. , 5/28/65 
19,36& THE CENTER FOR RESEARCH LIBRARIES, "Partial Support of the 

Operation of the Scientific Journal Center," GN-236.I, 6 mos., 

3/1/65 

48,930 "SPECIAL LIBRARIES ASSOCIATION, "Partial Support of the Operation 
of the Translations Center," GN-347, 12 moa. , 11/6/64 
11,720 SPECIAL LIBRARIES ASSOCIATION, "Improvement of .the SLA Special 
Clesulfl cat Iona Center," GN-386, 1 yr. , 2/15/65 
5,725 SYRACUSE UNIVERSITY, "Symposium on *03ie Foundations c^f Access to 

Knowledge', " GN-400, 12 mos., 5/3/65 .... 

Foreign ggjflBSfl Information 

$ 5,334 AMERICAN INSTITUTE OF PHYSICS, ."Conference on PhysicB Abstracting, M 

GW-343, *6 mos., 10/5/64 

17,5^ BERNICE P. BISHOP MUSEUM, "Continued Bupport of the operation of 
the Pacific Scientific Information Center," GN-357, 12 mos., 
11/27/64 

26,830 CALIFORNIA INSTITUTE OF INTERNATIONAL STUDIES, "Preparation of a 
report on 'Science Information In Middle and South America," 
GN-438, 18 mos. , 6/22/65 

1,400 COMMERCE DEPARTMENT/ IENSUS BUREAU, "Preparation and Publication of 
a Bibliographic Survey .on the Social Science Literature in 
Communist Bloc and Other Difficult Languages," GN-2f4.1, 10/23/64 
6,225 COLUMBIA UNIVERSITY PRESS, "Publication of a Directory of Selected 
Research Institutes of Eastern Europe," GN-4l4, 12 mos., 6/25/65 
35,000 FEDERATION OF AMERICAN SOCIETIES FOR EXPERIMENTAL BIOLOGY, "Thirty- 
first Jfeeting and Congress of the International Federation for 
Documentation, Washington, D.C. ," GN-342, 1 yr. , 10/28/64 



♦ 10,0ji0 

14,400 

14,940 

1 

? 5 ° 



INTERNATIONAL COUNCIL OF SCIENTIFIC UNI ONS /ABSTRACTING BOARD, 
"Continued partial support of the ICSU Abstracting Board," 

GN-384, 12 mos., 2/16/65 

LIBRARY OF CONGRESS, "Support of the Publication of Part I, 

World List of Future International Meeting s,” GN-341, 1 yr. , 
10/7/64 

LIB RARY OF CONGRESS, "Support of the Publication of Part I, 

World List of Future International Meetings, " GN-424, 12 mos. , 
6/4/65 

McGRAW-RILL BOCK COMPANY, "For printing 1,000 copies of the 
missing 56 dictionary pages (Chinese Directory) to be printed 
as a 64 -page, paper-covered, saddle -stitched booklet, " 

p.o. 65-703, 5/28/65 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, "Dissemination of Scien- 
tific and Technical Information in the U.S.S.R.," GN-124.2, 

6 mos., 6/7/65 

NATIONAL ACADEMY OF SCIENCE S/NATIONAL RESEARCH COUNCIL, "Office 
of Documentation," C-310, Task $4l.3, 1 yr., 10/5/64 

NATIONAL ACADEMY OF SCIENCES/NATIONAL RESEARCH COUNCIL, "Prepara- 
tion and Publication of a New Edition of the International 
Dire ctory of Anthropologist 0 » " C-310, Task Order #17*3, 4/23/65 

NATIONAL FEDERATION OF SCIENCE ABSTRACTING AND INDEXING SERVICES, 
"Distribution of scientific and technical journals from Mainland 
China (Project l), and Publication of an Announcement Journal . 
(Project H ), " GN-338, 24 mos., 9 /23/64 

THE PENNSYLVANIA STATE UNIVERSITY, "Support of a Critical Review 
of Developments in Certain Areas of Biological Sciences in 
Mainland China," GN-391, 24 mos., 3/31/65 

SPECIAL LIBRARIES ASSOCIATION, "Exchange Visits of American and 
Russian Scientific and Technical Librarians," GN-33T, 12 moo., 
8/28/64 

SURVEYS AND RESEARCH CORPORATION, "Preparation of a Directory of 
Communist Chinese Research Institutes and Key Personnel," C-4o6, 
a yri ., 4fsx/G$ .. ■* . - ...1„ 
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DATA COLLECTION AND PUBLICATIONS 



$ 26,000 U, S. IEPAKCMENT: OF COMMERCE/oFJXCE OF TECHNICAL SERVICES, "Support -, 

of EocuMeatMtlon Research Reports Center , n 0N-350, 1 yr. , 10/22/6^ 

36, HERNER AND COMPANY, "Preparation of the Publication, Current 
i Research and Development in Scientific Documentation #14 , n 

C-404, 1 yr-, 3/15/65 ! ' ' ~ ~ 

10,000 SCHEFEA TECHNICA, 2NC . , - "A Series of Bulletins Describing the 
Scientific Infonaation Activities of Fede^l Agencies," 

C-163.7, 1 jrr-, 6/29/65 
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FRO GRAM/ACTI7 ITY SUMMARY 
SCIENCE INFORMATION ACTIVITIES 
FISCAL YEAR 1966 



RESEARCH AND STUDIES 



Cotammication Patterna 



fc73,*00 

12,200 

( 

141,600 

27.600 
367,330 

17,000', 
31 ,700 ■ 
94,300 \ 

2,940 

58.600 



AMERICAN INSTITUTE OF PHYSICS, "Studies, of Elements of a 
Physics Inf oraation System, K OH- 549, 6/30/66 
AMERICAN MATHEMATICAL SOCIETY, "To Plan a Study of Infor- 
mation Exchange and Publication in Mathematics, n 

GN-463, ll/i/65 

AMERICAN PSYCHOLOGICAL ASSOCIATION, "Project on Scientific 
Information Exchange in Psychology," GN-547 *, 6 / 30/66 
HARVARD UNIVERSITY, "Studies of the Flow of Technical In- 
formation," GN— 305*1, 8/24/65 

JOHNS HOPKINS UNIVERSITY, "A Behavioral Study of Scientific 
Communications," GN-514* 2/28/66 
UN IV. OF MISSOURI AT KANSAS CITY, "Second Annual Syo^isium 
on Communication Theory and Research," GN-500, 2/7/66 
NEW YORK UNIVERSITY, "Synthesis of Research on the Flow and 
Use of Scientific and (Technical InforEStlcft," CN-454# 9/28/65 
OHIO STATE UNIVERSITY RESEARCH FOUNDATION* ■•'^>rmtionship of 
the Productivity cf Scientists and Yeft&AC.Iteftalats and Their 
Informational Bavironujents," GN— 542, 6/2/64 
SYRACUSE WIVERSITY* "User Study of Translated Soviet 
Scientific Journals," GN-501, I/ 24/66 
YALE UHIVERSITY, "Statistical Studies of Networks of Sci- 
entific Papers," GN-527 r 5/12/66, 



I nformation Sources and Services 



110,000 

228,475 

2,250 

152 

60,400 



AMERICAN INSr.1T? IS FOR RESEARCH IN THE BEHAVIORAL 

SCIENCES, "A. Feasibility Study of the Factor Analysis of 
the Content of Physics Journals," GN-496, 12/23/65 
CORNELL UNIVERSITY, "Refinement and Tests, of Prototype Methods 
of Automatic Document Retrieval," GN-495, 12/23/65 
GENERAL ELECTRIC COMPANY, ^ Investigation of Basic Processes 
Involved in the Manual Indexing of Scientific Documents," 
0-422.1* 1/27/66 

HERNER' AND COMPANY, "Survey of Professional Scientific 

journals," 0^325*3* 12/15/65 

LEHIGH tKIVSISITY, "Document Retrieval Theory, Relevance, and 
the Methodology of Evaluation," GN-451, 9/29/65 



Organisat ion and Searching , 



# 10,634 UNIVERSITY OF MARYLAND, "An International Symposium on 

Relational Factors in Classification," GR-508, 

3/21/66 

240 NAS /^RC, Purchase of ,100 copies of "Supplementary Report 

on European Nonconventional Notation Systems, No. 12- 
78," P. 0 . 66 - 434 , 1/18/66 

.141*000 UNIVERSITY OF PENNSYLVANIA, "Analysis of Chemical Notations," 

■ GN-520 , . 4 / 25/66 . 3 . • ^vv; -V : ■' . 

63,500 PRINCETON UNIV^SITY, "Research on Aotomatio and Semi- 

automatic Indexing and Experimentation with a Citation 
Index," GK-550, 6 / 30/66 

62,800 SYSTEM DEVELOPMENT CORPORATION, "Analysis of Document 

‘ Representation” Techniques, " GN-544# 6/8/66 

11,400 WESTHIN RESERVE ONI VERSITY, "Automatic Processing of Metal- 

lurgical Abstracts for the Purpose of Information 
Retrieval," GN-303 *2, 2/8/66 



If 

t- 
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INFORMATION SYSTEMS 



Information Retrieval 

|tA,425 AMERICAN CHE4ICAL SOCIETY, "Sy stems Requir amenta Analysis 

- • for Disseminating Primary Liter ature," GN-5*3, */30/*A 

72,500 COLUMBIA UNIVERSITY, "A Program of Collaboration and 

Research Services Among Social Science Data Archives," 
GS-1258 ^$QC sward grant number/, 6/30/A*; 

A, 000 INFORMATION DYNAMICS CORPORATION, "Study of the Feasibility 

of Creating a National Inventory of the World * 3 Sci. and 
Tech a Serial Publications, " C-413.1, 12/^./A.5 . 

978 INFORMATION DYNAMICS CORPORATION, Reprinting 200 copies of 

the Final Report from 0*413, entitled; "A Serial Data 
program for Science and Technology," F.O* ^-544* 3/17/66 

103,546 NEW YORK UNIVERSITY, "Applications of the String Program to 

Scientific Texts, »' GN-559, 6/27/66 

136,578 UN IV. OF PENNSYLVANIA, "Research on Linguiatio Transforma- 

tional for Information Retrieval," GN-5 57, 6/30/66 

H fg h ^n^Alded Translation 

f&g 031 / BUNKFR-RAMD CORPORATION, ,"Ck?mpxrter’-Aidod Research in Machine 

* . |. -?-■ Translation,* \G-372.1,. .6/9/66 

197 500 UNIV. OF CALIFORNIA, "Research on Machine Translation and 

* Related Mechanolingui3tic Systems," GN-30^,1,1/18/^ 

75 000 HARVARD UNIVERSm, "Research on Computational Lingui sties," 

* ■ \ gk- 554 ; 6/24/66 * • ; l ,;V -‘.V V v: 

115 Z20 UNIVERSITY OF TEXAS, "Research on Syntactic and Semantic 

* Analysis for Mechanical Translation," GN-558, 6/27/66 

7 000 MAINE STATE UNIVERSITY, "Conference on Computer -Related 

* / Semantic Analysis,* GN-4A 5 j 11/8/C-5 

(5 000) AForoe transfer ‘for above - project 

(1 QOOJ intelligence agency transfer for above projeot 

l^SOO MAINE STATS, UNIVERSITY, "Ctomprehensive Electronic. Data 

Processing of Two Russian Lexie bna,? 1 GN — 5 55, 6/24 



o 

ERIC 



Library Systems 
* 7 , 500 ^ 

118,000 

43,250 



CENTER FOR RESEARCH LIBRARIES, "A Study of Costs end Servioe 
: caiaraoteristios of Alternative Methods for : Making Serial 
Publi cations Available to Users , " , GN t53?,I 4/8/66 
UNIVERSITY OF: CHICAGO, "Development of an Integrated Computer- 
Based ’.Biblio^aphioslDat^^ for a Large University 

Library;" GN-556; 6/29/66 vr. 

HERNER AND COMPANY, "A Design Study of the U.S* Medioal 
'Library System,**.- <>442* 8/31/6 5 
(43,250) ^HEW'-tei&sf er&jfciE^^ • • 

22,790 JOHNS HOPKINS UNIVERSITY, "An Operations ResearchVand Systems 

: Engineering Study of -a University Library,* GN-538, 6/21/66 

MASSACHUSETTS INSTITUTE OF TECHNOIOGY/i “Design V Development 
and Evaluation of > an Unconventional Library Catalog , " 

. C-472, V30/AA . 

PDRDUB RESEARCH FOUNDATION, "Basio Problems in the Design 
and Operation of University Libraries," GH*7519, 4^426/66 



527,641 

82,338 

and 

Eafeil ration SvetAns ■■ "/rV-'i ..s' _ 

*140.302 AMERICAS MATHEMATICAL SOCIOTT, "Dev«lo^t of C^puter Aid. 

— ^ for Tape-Control of photocompoaln* KaohiaM," GN-533, 
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INFORMATION SERVICES • 



Abstracting and j Q&sgg y&g 

ii& J t • ' 

*748 , 000 AMERICAS ££OLQGltf AL INST IT DTE # *B§ tahUsbaent of & Cooper ative 

Computer-Based Information Service In the Solid Earth Sci- 

- ;eiwe8 # " s ;<i5l-5I5i:4A/^ * ' 

99.000 ... immCiUf.GEO^lSAL INSTITUTE, "Prep, end tub. of the 

■ Glossary of Geology and Related Sciences . w GNr-531, 5A7/44 
11;400 - . AMERICAN G ED LOGICAL INSTITUTE, "Prep, of Geophysical Patent 

‘ Abstracts, *- GN-540, 4/6/44 ' " 

15,900 AMERICAN ^MATHEMATICAL SOCIETY, and Pub. of* Survey . 

Rovitv^ln Mathematics , " GN-530, 5 '/XtffA 
222,222 AMERICAN METEOROLOGICAL SOCim, "Prep*., Put, and DIst. oj£[ . 

the 1944 Volume of Meteorological ahd GeoAstrophvsical 
Abstracts (MIA), and a Cumulative Index Relating Thereto," 

C-470, 4/20/44 

92,^00 AMERICAN PSYCHOLOGICAL ASSOCIATION, "Prep, and Pub. of 

psychological Abstracts for Calendar Year 1944," GN-512, 

3/3l/44 

38,200 AMERICAN SOCIETY FOR TESTING AND MATERIALS, "Prep, of a 

CODfeN of Periodical Titles," GN-552, 4/28/** 

49,400 ASSOCIATION FOR SYMBOLIC LOGIC, "Prep, and Pub. of the 

38.200 BOSTON UNIVERSITY,’ "Prep, and Pub. of COWA Surveys and 

' ■ Bibliographies .*». GN-5A5 r 4/4/4A ^ ‘ : . 

24,0C& - ENGINEERING IiroSS'., INC., "Oosaputeriied Abstracting and Indexing 

pilot Program In PI aa tic a and Electrical and Electronics 
‘ * Engineering," GN-383.1, 11/23/45 ,■ ‘ 

200.000 , ENGINEERING 'INDEX, INC., "Flap, and Pub, of Engineering Index. 

Calendar Years 1944-1947 ," GN-493, 12/23/45 
; 379,400 HiGINEERm INDEX, INC. , "Compaterlzed Abstracting and Indexing * 

Pr’ogram in. Plastics and Electrical-EIeictronlcs Engineering," 

. r r-.Gx-5i&i;4/22/f£; 

18,300 HHVERSIT Y OF ILLINOIS, "Prep, and Pub, of Research Digest - 1 * 

. - <ffl-480, 12A8A5 •*' •/ : • ’ 

Bibliographi e a and Specialized Indexes: ‘ 

. <55,725 ENGINSSIS JOINT COUNCIL, "Improvement and Extension of 

Source Indexing Practices of Selected Engineering x 
v Journals j*« GN-477/ [i 12/9/45 : ; 1:' - 

79.000 HUMAN RELATIONS AREA FILES, "Prep, and Pub. of a Korean Social 

152.000 , INTERNATIONAL ASSOCIATIONFOR PLANT TAXONOMY, "Prep, and Pub. 

of Index Nomlnnin Gener Icoram f " ON-ASI r 10/5/45 ■? 

7,730 UNIVERSITY OF MINNESOTA, "Prep, of Annual Reviews and Current 

Bibliographies on Heat Transfer Research, ". GN-454, lO/il/45 
5,070 SMITHSONIAN INSTITUTION. "Pub ^ of Second Supplement to Annotated . 

- ’■ . SubJect-Headiig^BiblloCTaphy, of Tergdtes; 1941-1945 ." 

- OH-522, 5/4/44 

77.200 v SOCIAL SCIENCE RESEARCH COUNCIL, "Prep* and Pub. of a Bibliography 

on Mbdern Chinese Society. GK- 513 . 4/12/44 



Qt frer Publlcatip^s and Services 



' ' Re a ear ch Journals; 

*2,500 * AMERICAN FOLKLORE SOCIETY, INC., "Pub. cf a Special Issue of 

the Journal of American Folklore," GN-444, 8/4/45 

21.000 AMERICAN GEOPHYSICAL UNION, "Prep, end Pub. of AGU Transactions . 

. „ 19*7," GH-545, 4/50/44 i; 

5,320 AMERICAN .SOCIETY; OF NATUD^ALISTS, "Pub . of Baaklog in the 

American Natpraliet ." GN-447, 8/5/45 Vv ■ \ 

20.000 CANADIAN MATHHiATICAL CONGRESS, "Pub. of the Backlog of 

7,745 UNIVERSITY OF MICHIGAN, "Pub. of the Bulletin of Thermodynamic a 

GN-521, 4/27/44 “ 
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8,450 

30,000 

12,320 



♦7,700 

44,500 

7*, 200 

9.000 
]5,240 / " 

2.000 

A, 020 
,‘2,430. 

; i 

24,000 

40,000 

•1 ' 

4,2*0. 

2,30ol 
2,840 1 
12,700 ' 
79,500 
58,900 
* 5,450 

3,100 

77,200 



110,340 

! 

2,000 

19,000 I 
19,000 
1,500 

3,500 



OHIO ACADEMY OF SCIENCE, "Pub. of Backlog in The, Ohio Journal 
of Science ." GN-481. 12/l4/*5 * " 

POPULATION ASSOCIATION OF AMERICA, "Prep, and Pub. of the 
Journal, Demography ." GN-535, 5/l8/** 

SOLAR ENERGY SOCIETY, "Ell ^nation of the Pub. Backlog for 
the Journal, Solar Energy ." GN-453, 10/ll/*5 
Monographs; 

AMERICAN GEOGRAPHICAL SOCIETY, "Pub. of A Hietcry of ScJUJfeg- 
graphical ^bcploratlon of the Paclflc_Baslii . n GN-110.1~, 2/1*/** 
AMERICAN* GEOGRAPHICAL SOCIETY, "Prep, and Pub. of Bight Folios 
Of the Serial Atlas of the Marine Environment . " ... - 

gn-w/ */29/*a . ~ ■ 

AMERICAN GEOPHYSICAL UNION , "Pub. of a Series of Antarctic 
Monographs," GN-55.2, */30/*4 
BERNICE P. BISHOP MUSEUM, "Partial Pub. Support for 
Insects of Micronesia Series," GN-1*0.1, V30/^ 

CARNEGIE INSTITUTE, "Pub. of a Monograph of, the, Ithomlj-dae , 

Part III, the Tribe Mechanitini , " GN-54A, */24/** 

COMMERCE DEPT. /ENVIRONMENTAL SCIENCE SERVICES ADMIN., 

"Prep, and Pub. of Atmospheric Sciences Vocabulary," 

AG-9, 12/13/* 5 

FARMINGTON STATE COLLEGE, "Pub. of a Monograph, 

Ichneumoninae of Africa South of the Sahara ." 

GN-5*1, 4/29/66 

GEORGETOWN UNIVERSITY, "Pub. of Nomographic Charts for 
the Solution of Kepler *s Equation in Celestial 
Mechanic p ." GN-450. 8/2 5/* 5 
HARVARD UNIVERSITY, "Pub. of a Monograph, tMSfUL 
Vlllanovans land Early Etruacans_ ."GM-51P, 3/22/6* 

NATIONAL BIOMEDI CAL RESEARCH FOUNDATION, "Prep, and Pub. 
of Atlas' of Protein Seouence^and Structure ." 

ON- 5*4, */30/** ~ : 

NEW YORK BOTANICAL GARDEN, "Pub. of One Issue of Merqofra 
of the New York Botanical Garden ." GN-52*, 5/*/** 

UNIVERSITY OF PITTSBURGH, "Pub. of Galen and the Syll ogism," 
GN-449 , 8/12/ *5 

UNIVERSITY OF PUERTO RICO, "Pub. of Scarabaelnae of the 
Antilles.. ," GN-548, */l3/** 

UNIVERSITY OF TEXAS, "Editorial Prep, for the Pub. The plrd 
Life of Texas GN-S0.1, 3/28/** 

UNIVERSITY OF TEXAS, "Pub. of yhe Handbook of Middle American 
Indians . " G^-355.1, 4/l2/** * ' 

UNIVERSITY OF TTOraa; " Th e Prehistory of th? T ehuacan ^yley , " 

, GN-509, 4/27/** 

UNIVERSITY OF WASHINGTON, "Pub. of a Monograph, Development 
and Systematica of Some Pacific Marin e Symbiotic 
Copepoda . " GN-517. 4/7/** 

TALE UNIVERSITY, "Pub, of pv3tematic Studies of Marine 

Sponges ." GN-475. l2/9/*5 > 

YALE UNIVERSITY, "Pub. of Peabody Museum of Natural History 
Bulletin ." GN-528. 5/13/6* 

'• Conference Proceedings: 

AMERICAN PSYCHOLOGICAL ASSOCIATION, "Pub, of Procegd^ga. of 
the 1964 APA. Annual Convention," GN-505, 2/2 1/ ** 

Other Services; ’ 

AMERICAN INSTITUTE OF PHYSICS, "A Comparative Study of the 
Physics Section of Nuclear Sc ience Abstracts. With 
Physical Abatraotu . " P.0. 64-3*9, l2/6/*5, * 

ENGINEERING SOCIETIES LIBRARY, "Automation of. Serials Control 
in the Engineering Societies Library," GN— 551, 4/16/44 
ENGINEERS JOINT COUNCIL, "EJC Engineering Information Services 
Program," GN-553, "4/28/** ' 

, NAS/NHC, "Prep, of a. W«t of. U.S. Mathematicians for Inclusion 
In the Revised World Directory of Mathematicians," 

C*“310/rask Order #103, 7/2*/65 • -- 

WESTERN RESERVBUNlVHlsrrTi''" Special GUs elf lent ion Center," 
ON-471, 11/22/45 



■ 
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SPECIAL PROJECTS 




♦129**00 AMERICAN UERARI ASSOCIATION, "A Study of' tho 

Acquisition, of Science Materials for College 
and University Libraries," GN-541, f/30/AA 
177, *00 BNIVEISITY OF CALIFORNIA, "The Research Program of 

the Institute of Library Research of the Univ. 
of Calif., Phase I: Planning," GN-503 , 2/ll/A* 

415,700 OHIO STATE UNIVERSITY RESEARCH FOUNDATION, "To 

Establish a Program of Information Science,'* 
OH-534, 5/18/6A 
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CHEMICAL INFORMATION 



$187,908 



28,700 

110,000 



(52,050) 
( 5,900) 
37,922 



82,018 



15,000 

(7,500) 
A, 1^3 

28,339 

39.A7A 



AMERICAN CHEMICAL SOCIETY, "Exp. Dev. of * Meohanised 
Registry System for Chemical Compounds and for Res. 
and Dev. in Selected Information Handling Problems," 
C-414.1, A/27/AA 

AMERICAN CHEMICAL SOCIETY, same as above, C-414.2, A/27/AA 
COMMERCE DEPT ./NATIONAL BUREAU OF STANDARDS, "Res. and 
Dev. by the NBS in the Chem* Info. Program," GN-45 5, 
10/1/A5 

NIH transfer for above project 
DOD transfer for above project 

GOODYEAR AEROSPACE CORPORATION, "Application of Associative 
Memory to Chemical Information Storage and Retrieval," 
C-45A, 3/28/AA 

INFORMATION MANAGHMEMT, INC., "A General System Design 
and Development Plan for a National Chemical Information 
System, and Technical Project Management Assistance for 
the Development of the System," C-4 4 3, 4/25/*^ 

JOHN I. THOMPSON & COMPANY, "Planning Support and Services 
for the Chemical Information Program," C-447, 9/27/A5 
NIH transfer for above project 

JOHN I. THOMPSON & COMPANY, same as above, C-447 .1, */27/** 
UNIVERSITY OF' MICHIGAN, "Graph Matrices, Chemical Nomen- 
clature , and Human Group-Structure, * GN-5 44 , A/30/AA 
UNIVERSITY OF PENNSYLVANIA, "Analysis and Programming for 
Interfacing Electrons c Structural Injxrt/Output Devices 
to an Automated' Structural Search Program," C-447 , 4/30/44 
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DOMESTIC SCIENCE INFORMATION 



S cience Information Exchange 

$3*4,130 SMITHSONIAN INSTITUTION, "Operation of* the Science 

Information Exchange," C-437, 2/25/** 

38,22* same as above, 0437 -1, 4/15/** 

1.500.000 same as above, 0437,2, */20/** 

National Referral Centex 

1 |7 # 913 LIBRARY OF CONGRESS, "National Referral Center for 

Science .and Technology," AG-1,1, 5/4/** ’ 

National Information Centers 

$174, *00 LIBRARY OF CONGRESS — transfer to i/C far eiipport of 

Monthly Index of Russian Accessions, 8/ 3/* 5 

Non— Federal Projects 

BATTKLLE MEMORIAL INSTITUTE, "Science Information 
Bcchange Requirements Study, 0431 A # 2/1*/** 

BIOLOGICAL ABSTRACTS, "Conference to Consider a Communica- 
tions System for Biology," GN-4*2, lO/2Q/*5 . 

COUNCIL OF BIOLOGY EDITORS , INC. , "Support of a ‘ Joint 
Meeting Between Biological and Earth Sciences Editors, 1 " 
GN-504, 2/21/A* . v . • - 

GORDON RESEARCH CONFERENCES, INC., "Support of a Conference 
Entitled *The Numerical Data of Science and Technology, 

Its Generation and Critical Evaluation, ,n GN-507, 2/25/** 
UNIVERSITY OF MICHIGAN, "Support of an BDUCOM Summer Study 
Conference to Plan and Design a Pilot Uni varsity Cornmmi ca- 
tions Network, "GN-543, */l3/** 

NAS/FRC, "Support of a Committee on Scientific and Technical - 
Communication," C-310A*sk Order #111, 2/25/** 

NAS/NR C, "Support of the Committee on Information in the 
Behaviors! Sciences," C-310/T ask Order #11*., 4/25/** 

SYSTHi DEVELOPMENT CORPORATION, "A Systems ..Study of ... 

Aba tr acting and Indexing Services," C-454 > 4/25/** 



feSBOO 

8,900 

9,500 

8,020 

85,000 

345,000 
39,900 
185, *22 



ifg 
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FOREIGN SCIENCE INFORMATION 
Translations 



| 0,000 

23.900 
135,000 

51, *75 
22,550 
27,000 

38,000 

29.900 
15,120 
49,500 

19,4*0 

18,214 

24,7*0 

7,000 



021,870 
.. 33,000 

83.500 

90.500 

27.000 
20,*00 

52.000 



Domestic/ Slavic: * • . _ _ 

AMERICAN CRYSTALLOGRAPHIC ASSOCIATION, “Trans, and Pub. of Rus- 
sian Monograph Symmetry and St ructure of flEXgtfilfi. by E. s * 
Federov," GN-5*2, 4/30/44 . a , 

AMERICAN GEOGRAPHICAL SOCIETY, "Prod, and Cist, of a Selected 
Translation. Journal Soviet Geography; _Ravlev and Tro h3l«frl°a» 
Vol. VII (19**)," GN-474, 12/9/* 5 . , , M 

AMERICAN GEOLOGICAL INSTITUTE, "Prod, and Cist, of a Selective 
Translation Journal International Geology Review Vol. VTII 
(19*4), and English Edition of Eoklady pf the. Academy* of S ci- 
ences! USSR: Earth Science Sections. Nos. 144-171 (19**)," 

GN-479, 12/18/45 . . . . . 

AMERICAN GEOLOGICAL INSTITUTE, "Trans, for and Pub. of Geochemistry 
International . Vol. Ill (19*4)," GN-53*, 5/M/44 
AMERICAN GEOPHYSICAL UNION, "Prod, and Cist, of an English Edition 
of Geodesy and Aero photography (19*4), " GN-482, 12/18/45 . 

AMERICAN GEOPHYSICAL UNION, "Prod, and Cist, of an English Edition 
of the Russian Journal flenpaynetiam and Agronomy . Vol. VI (19* A ), 
GN-483, 12/21/45 

AMERICAN GEOPHYSICAL UNION, "Prod, and Cist, of English Editions of 
Two Russian Journals: Izvestlya of the Academy of Sciences USSRj 

Atmospheric and Oceanic Phygicg. and Phyfllcq _ pf tfrg S?3- ld gartht 
1944," GN-4B4, 12/18/4 5 

AMERICAN ^GEOFHYSI CAL UNION, "Prod, and Cist, of English Edition of 
Russian Journal Oceanology (19**)," GN-485, 12/21/45 
AMERICAN GEOPHYSICAL UNION, "Prod, and Disti of goyj-?b Hydrology; 

Selected Papery , Vol.. 19*4," GN-*;. 54, 12/21/4 5 , 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS, "Prod, and Cist, of the 



Selected Translation.' Journal intern a tional Chemical Engineer • 
Vol. VI (19*4), « GN-478, 12/21/45 



AMIRICAN MATHEMATICAL SOCIETY, "Prod, and Dist. of an English Edition 
of Soviet Mathematics - Dokledy . Vol. VII (19*4)," GN-457, 10/7/45 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, "Trans . and Pub. of the 
ttmuenlAri Monograph fias Lubrication by V. N. Constantinescu," 

GR-4*7i II/ 23/45 ,• / ; :r . 

ARCTIC INSTITUTE OF NORTH AMERICA, "Trans . and Editing of AfltbfgpoilogY 
of the Norths Translations from Russian Sources . Vols . 10 and 11," 

CONttffiRCE , DEPT ./ENVIRONMHirr AL SCIENCE SERVICES ADMINISTRATION, "Editorial 
and Abstracting Services <f Soviet Hydrology: Selected Papers., 

Vol. 19**," AG-14, 12/23/ 45 



RfOSOLOGICAL SOCIETY OF AMERICA, "Prod, and Diet, of an Baglish 
Bflltlon of pntono log leal Review . 19*4." GN-488. 12/Z3/*5 
THE JNSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC., 

"Prep., Pub . and List , of an English Edition of Russian Journal 
Engineering Cybernetics , l9*4«"GN-489,l2/23/ *5 
THE INSTITUTE 0^ .ELECTRICAL AND, ELECTRONICS ENGINEERS, INC., 

"Prod, and Plat, of ftedlo Engineering^ and Elect ronio Physics, and 
felecoTOaunioatiohs and Radio Engineering » ■ 19*4." ON-490, 1/17/4* 
INSTRUMENT-; SOCICTY OF; AMERICA,; "Prod, and Dist. of, English Editions 
of four Huaalim Journalfl t ; Automation e nd- Remote Control : 
Instruments' «id &cperimantal Techniques : Measurement TSPb hiqMa&» 
and Industrial, Laboratory, 19**." GN-497 , 1/17/** 

OPTICAL SOCIETY OF AMERICA, "Prod., and Dist. of an Jkglish Edition 
of Russian Journal Optics and 3pectroscogg. Vol. XIX (19**)," 
ON-459, 10/ll/*5 .,v i . 

SOCIETY FOR INDUSTRIAL AND APPLIED MATHEMATICS, "Prod, and Dist. 
of an English Edition a? Russian Journal Theory or Probability 
and Its Applications . Vol. II (l9**),* QN-4**, 11/15/45 
SOIL SCIENCE SOCIETY OF AMERICA, fFr«A. ■! Hit. «f « B«Ush 
ttlllon of Soviet Soil Solenca . 19*4." GM-487, 1 2/U745 
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e,5oo 

29,700 



95,000 



Domestic/Orlental: 



AMERICAN INSTITUTE OF PITTS ICS, "Trans, of the 1945 Issues of Chinese 
Journal Act a Physlca Sinlca." GN-393.1, 3/31/44 
AMERICAN MATHEMATICAL SOCIETY, "Prod, and mat. of an English Edition 
of illness Mathematics - Acta. Vol. VII (1944)," GN-4*0, 10/lV A 5 
THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS . INC.. "Prod, 
and Dlat. of English Editions of Two Japanese 
aad Ooisaunl cations In Japan. Vol. 49. (19*4), 

Itolniprlng Za Z&jssu* Voi. 84, <19*4 )," qn-491 



Journals t Elnntjrpr^ n 



8 



♦625,000 ISRAEL C-244.H, 3/31/66 

125.000 POLAND C -2 5 0.12, 12/1 0/6 5 

190 . 000 YUGOSLAVIA C-251 . 13 , 3/7/66 

25,000 INDIA C-466, 6/30/66 



Foreign Solence Services and Publications 



$ 5,te5 ‘ 

4, *00 
1,755 
17,950 

14,315 : 

/• 

57,292 

51,5*0 

I 

10,000 
15,480 1 
1**50. J 



55,800 ; 

34,150 

20,700 

10,435 

10,870 . 

500 

46.930 

7, *10 
80,530 

*,890 

47 — 



A. D. LITTLE, INC., "Revision of the MS, 'A Directory of East 
European Research Institutes In the Biological, and Physical 
Sciences;, 1 and the Editing of the Publisher's Proofs," 

C-438, 8/31/65 

AMERICAN GEOLOGICAL INSTITUTE. "Evaluation of Acta Geologic* 

Sinloa . Vol. 44 (19**)," ON-529, 5A*/66 
ARCTIC INSTITUTE OF NORTH AMERICA, "Survey of European Institutes 
Active in Aretic Research," GN-25*^1, 3/28/** 

BERNICE P, BISHOP MUSEUM, "Continued Partial Support of the 
Pacific Scientific Information Center," GN-511* 3/28/64 
CENTER FOR RESEARCH LIBRARIES, "Operation of the Sclontlfio 
Journals Center," 0N-23*.2, 4/24/44 
COMMERCE DEPT ./CLEARING HO USE, "Operational Functions of NSF’e 
Special Foreign Currenoy Sei. Info . Program," AG-54,' A/30/4* 
GEORGIA INSTITUTE OF TECHNOLOGY, "Scientific aiti Technical Infor- 
mation Systems and Services In Eastern Europe," OH-539, */30/** 
INTERNATIONAL OOUNCIL OF SCIENTIFIC UNIONS, "Continued Partial 
Support of the ICSU Abstracting Board;" CN-494, 1/17/44 
LIBRARY OF CONGRESS, "Part I, Vte>rld_ List of Future Internationa l 
Meetings ." 5/24/44 ^ C 

UNIVERSITY OF MASSACHUSETTS, "Pub. of Bagli eh Translations of 
Selected East European Papers In Phyton®matology # " GN-474, 

; ' /r.-:-; ; - •• 

NAS/NRC, "The Office of Documentation," C-310/TasJt Order #41 .4, 

; . 9/28/45 : v;!, j -’f ■ '-•VvO ! *. 1 r*^ 

UNIVERSITY OF NORTH OAROLINA, "The American Standardo Association, 
Sectional Subcommittee Z 39," GN-473/ 12/1/45 ^ ^ 

; UNIVERSITY OF NORTH CAROLINA, some as above/ GN-473 .1, 4/24/44 
JAPAN DOCUMENT ATION SOCIETY , “Prep, and Pub. of; a Revision of 
Science Informatio n _ln ? Japan ." GN-Z/S . 12/9/45 ^ ^ : 

; NATIONAL FEDERATION OF SCIEN CE ABSTRACTING AND INDEXING SERVICES, 

■ ^ . "Aoquleitiori' of Sbiehtific and Technical Journals from Mainland 
China and Public at ioh 1 of an Anno unc emen t Journal/" ON- 502 , 2/8/** 
SCANDINAVIAN COUNCIL FOR APPLIED RESEARCH, Purchase of 50 copies 
of "Scandinavian Re sear oh Guide, 2nd Edition," P.0, **-480, 2/10/4* 
SPECIAL LIBRARIES ASSOCIATION, "Operation of the Translations 
- Center i" 0N-4*9, H/22/45 
eeme as above, GN-449^1, 4/30/44 

SPECIAL LIBRARIES ASSOCIATION, "Compilation of a Cumulative Index; 

to Scientific and Technical Translations , « GN-523, 5/L3/44 
STANFORD UNIVERSITY, "Support for Publication of ’Science in 
v~ Switzerland QN-504. 3AO/A4 : .U. ” 

Prior Year * Adjustments COMMERCE DEFT./taffSST OFFICE — additional 
•charge ro GN-ii (FY »*4 award): :v-..'>xr 







in 
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DATA COLLECTION AND PUBLICATIONS 



COMMERCE DEPT ./CLEARINQBOtQS JOE FEDERAL SCIENTIFIC AND 
TECHNICAL INFORMATION , "Documentation Research Report* 
Center," AG-11, l/l9/^ - 

HERN ill AND COMPANY, "Surrey and Study of Wonconventionai 
Technical Information 8yetema," C-3A2.2, 



*31,520 1 

4,353 



t; 
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PR0C3UM/ACTIVITY SUMMARY 
SCIENCE INFORMATION ACTIVITIES 
FISCAL YEAR 1967 



RESEARCH AND STUDIES 



Communication Patterns 



JE>5>**50 
33,727 
. 8^,100 
12,300 
24,950 

118,300 



AMERICAN CERAMIC SOCIETY, "study of the Information Needs 
of Ceramists," GN-59O, 11/18/65 
AMERICAN PSYCHOLOGICAL ASSOCIATION, "Project on Scientific 
1 . Information Exchange in Psychology, " GN-547.1. 10/17/6 6 

/ MASSACHUSETTS INSTITUTE OF TECHNOLOGY, "The Role of Inf or 

f mation in Parallel R&D Projects," GN-597, II/17/66 

UNIVERSITY OF PENI?S YLVANIA , "A Study of ■ Patterns of Infor- 
mation Flow, " GN-599, 11/28/66 
UNIVERSITY OF PENNSYLVANIA, "Measurement of Information, 

GN S 6S Ct i2/l9/66 MOtlVati ° n Conveyed by Messages," 

STANFORD UNIVERSITY, "information Retrieval in High-Energy 
Physics,” GN-600, 12/15/66 ^ 



InfoTt nation Sources and Services 



144,400 ' 

14,175 
• 30 

50 
625 



AMERICAN GEOLOGICAL INSTITUTE, "Liaison for Planning an 

Service in the Geological Sciences* 

GN“+*75, £/21/f»7 

AMERICAN INSTITUTE OF PHYSICS, '"Committee Meetings and 
Seminars looking Toward a Physics Information System." 
GN-629, 5/8/67 

AMERICAN PSYCHOLOGICAL ASSOCIATION, Purchase of 30 copies of 
The American Psychologist, Volume 21, No. 11, Nov. 1966 
® $1.00 per copy, " P.0. 67-372, 12/23/66 
AMERICAN PSYCHOLOGICAL ASSOCIATION, Purchase of 50 copies of 
The American Psychologist, Volume 21, No. 11, Nov. 1966 
@ $1.00 per copy," P.o. 67*456, 2 /lb /67 
JOHN WILEY AND SONS, INC., Purchase of 50 copies of "Annual 
Review of Information Science And Technology, Volume i, 

® $12.50 per copy," P.o. 67-375, 12/23/66 



Organ! ant ion and Searchi ng 



$238,900 

85,175 

154,700 

4,000 

227,950 

7 ,y, -027,600 



AMERICAN MATHEMATICAL SOCIETY, "Research on Machine Aids to 
an Editor of Scientific Translations, " GN-644, A/27/*7 
UNIVERSITY OF CALIFORNIA, "Context Information Processing " 
GN-^43, A/28/^7 # 

. UNIVERSITY OF CHICAGO, "A Study of Indexing and 
Retrieval Effectiveness," GN-A54, A/22/<7 
UNIVERSITY OF COLORADO, "Application of University of 
Illinois Library Serials System to the University of 
Colorado Libraries," GN-641, 6/l4/67 
NEW YORK UNIVERSITY, "Application of the String Program to 
Information Retrieval of Physics Texts," GN~<59, AA9/47 
WE3TAT RESEARCH, INC., "Development of Methods for the 
Evaluation and Analysis of Document Retrieval Systems." 
C-491, Xl/4/66 9 
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INFORMATION SYSTEMS 



T ruf ownatlo p Retrieval 



$ 6,600 
18,400 

138,540 

124,140 



30, 000 

78,734 



AMERICAN GEOLOGICAL INSTITUTE, "interorganlaational Liaison 
in Micropaleontology, 11 GN-622, 2/17/67 
AMERICAN GEOLOGICAL INSTITUTE, name as above, GN-622 . 1, 

6/16/67 

AMERICAN INSTITUTE OF PHYSICS, "Key Personnel Staffing for 
AIP Information Program," GN-^4 4 , V^3/^ 

CENTER FOR APPLIED LINGUISTICS, "An Information System 
Program for the Language Sciences: Survey -a nd-Ane lysis 

Stage," GN-*53, */30/*7 

ENGINEERING INDEX, TNC -, "information System Development ; 

Phase I, Management Planning, 11 GN- £ 35, ^/20/^7 
INFORMATION MANACTMENT-, INC-, "Development of a Method of 
Describing Operational Discipline -oriented Science Infor- 
, nation Systems," C- 52 A, A/ 2 7/^7 



-bl TrangitaUpn 



3,648 



RATIONAL ACAM« OF SC&JSfc®. "Advisory on 

Automatic Language Processing, C-310, 

9/13/66 . 



Library Sratopifl 



,700 

^000 



,500 
,300 . 
1,400 



,680 

,300 



UNIVERSITY OF CHICAGO, "Development of an Integrated, 
Computer-based, Bibliographical Data System for a 
Large University Library," GN-556-2, 5/18/67 
UNIVERSITY OF COLORADO, "Development of an Academic 
Libraries Cooperative Processing Center for oil 
Colorado Colleges and Universities," GN-588, 10/17/66 
UNIVERSITY OF COLORADO, same as above, GN-588.I, 

6/16/67 

HAMLINE UNIVERSITY, "Information Systems Management in 
a Small, Liberal Arts College," GN-624, 3/23/67 
HARVARD UNIVERSITY, "implementing the MARC Project 
Input System for Current Cataloguing in Academic 
Liberies," Gil-598, 11/25/66 . ^ 

MASSAO^^ETTS INSTITUTE OF TECHNOLOGY,’ "Technical Infor- 
mation System," GN -509, 10/27/66 

WASHINGTON STATE UNIVERSITY, On-line Automation of the 

" ' ^Washington State University Library: Initial Phase, 

GN-625, 3/22/67 ' 



- f ^blic^tlon Syatemg. 



%>4,600 



AMERICAN INSTITUTE OF PHYSICS, "Experiment e with Computere 
for Primary Journal Composition and a Variety of 
Related Services," GN-601, 12/l6/66 
AMERICAN INSTITUTE OF PHYSICS, "Current Communication 'In 
Physics: Initial Phase," GN-623, 2/IT/67 



i ! ^ 



17,000 
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INFORMATION SERVICES 



Abstracting and Indexing 



• 061,000 

l 

243 , 200 I 

175.000 ; 

49,500 i 
33,400 | 

5,000 1 
243,400 

358.000 

-5,800 



19.000 
£7,000 I 

48.000 
31,100 



• 4,450 f 
.18,050 ■ 

19,550 

65,700 ' 



L 



A&I:“ 

• AMERICAN GEOLOGICAL INSTITUTE, "Preparation and Publication 
of Bibliography and Index of Geology E xclusive of North 

America/ 1 GN-AA 7 , A/22/4,7 — 

AMERICAN METEOROLOGICAL SOCIETY, "Preparation and Publication, 
and Distribution of the 1967 Volume of Meteorological and 
GgoAstrophysical Abstracts (MGA), and a Cumulat ive Index 
Relating Thereto, 11 0-507, ^/27/A7 
AMERICAN SOCIETY OP MECHANICAL ENGINEERS, "Publication of 
Applied Mechanics Reviews . I967, I96B, end 1969" 

GN-b2^> , 4/19/67 ' * ** 

ASSOCIATION FOR COMPUTING MACHINERY, "Publication of 
Computing Reviews FY I967," GN-607, 12/23/66 

biological abstracts, Inc j . .• ■ 

Mycology” GN-587, 10/17/6^ Abstracts_of 

• 6/16/67 11 ABSTRACTS ^ TNC m > SQrce Q s above, GN-587.I, 

BIOLOGICAL ABSTRACTS, INC., "Convereinn o-r 4 n 

"Computer i zed °Ab , t r ^^t ^^^^^ ^ ^ 

S2£- 



Bibliographies and Specialized Irdexesr '' 1 

OEOLOGIGAL INSTITUTE, "Preparation and Publication 
°f Thesee in Geology for I965-I96T," 

AMEBICAn’mATHEMATIOAL SOCIETY, "Compilation and Publication 
llkO*" 'GX^i, A $l%? C ^ Differentl0 l Since 

"S^c^btbyfio^" ° f S Bibli °Srapbic 

npre P°ration of on International Bibliography 

^v^"^5^/66 Cl0l °^ ° r * farrf,8e ani ?a,nll y 

HIMA N BELATiSm s AREA FII^ ^Yeparaf [oD en^pL i < ~ 

- 

«Sgs 

6/l6/67 bli ° SrQPhy ° n M ° dern Chin <r oe Society," GH-513.1, 



fithsr Publicatlona ^nd Serviftan 



•45,200 

13,000 



Research Journals: 

HOPKINS UNIVEHSITY SCHOOL OP HYGIENE & PUBLIC HEALTH 

•SSL" ™4«: vSS- a 

™ ?S£^2 ? 5'S'£ s §s l S!§|“ g / j~y»iof«on'boi^ r 
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11,450 

f,000 

I, 855 
3,700 

12,200 I 

9,450 

II , 500 
3,600 

13,400 

t 

127,000 

$17,646 

5,850^ 

81,600 ■ 

\ 

5,909 i 

5,900 

10,150 

19,600 

51,520 



Monograph*: 

ACAIEKY OP NATURAL SCIENCES OP PHILADELPHIA, Preparation and 
Publication of Catalogue of Fob sil Invertebr ate Types in the 
Aca demy^ Collection, GN -577, 9/2 6/6 6 
ACADIMY OP NATURAL SCIENCES OP .PHILADELPHIA, Publication^ 
Revision of the Classification of the OBclllatoriaceaj^ 

GN-^49, A/2^/^7 

•UNIVERSITY OP CALIFORNIA PRESS, "Publication of ScolO£2_of 
goll-Eome Plant Pathogens, " GN-26l«l, 12/22/66 
CATHOLIC UNIVERSITY OP AMERICA, “Publication of The Higher 
Classification, Phylogency and Zoogeography of the 
— Satyrida e, ’* GN-*52. A/2A/A7 

FARMINGTON STATE COLLEGE, ''Publication of a Monograph, 
Ichneumoninge of Africa South of the Sahara, n GII-561 «1, 

5/18/67 ” _ 

UNIVERSITY OP HAWAII, "Publication of Monogenetic Treioatodes . 

of Hawaiian Fishes,” GN-650, 6/16/67 
UNIVERSITY OP KANSAS, "Publication of The Hylid Frogs of 
Middle America,” GN-640, 6/14/67 
THE JOHN HOPKINS UNIVERSITY, "Publication of A Stereotaxic 
Atlas of the Pigeon Brain, " GN-594, 11/7/66" ~ 

THE NEW YORK BOTANICAL GARDEN, "Publication of Two Issues of 
Memoirs of the New York Botanical Garden, " GN-595, 11/ 2/66 
THE NEW YORK BOTANICAL GARDEN, ‘'Publication of Memoirs of 
the New York Botanical Garden and Nort h American Flora, . 

CN-A71, A/50/^7 

TEXAS A * M RESEARCH FOUNDATION, "Editing of Scientific 

Results of the R/v ANTON BRUUN Program in the Southeastern 
Pacific Ocean," GN-662, 6/16/67 
WASHINGTON STATE UNIVERSITY, ’’Publication of a Monograph on 
North American Indian Sorcery, " GN-613, 1/5/67 
WASHINGTON UNIVERSITY, "Public at. ion of Studies in Comparative 
International Development/ ' GN-^5* A/27 / ~~~ 

YALE UNIVERSITY, "Publication of Armlrma West Is The Late 
Nubian Settlement (The Northern Sector^ 1 QN-585, lO/lT/66 



Conference Proceedings: 

AMERICAN PHYTOPATHOLOGICAL SOCIETY, "Publication of the 
Proceedings, The Dynamic Role of Molecular Constituents 
in Plant -P ar a site Interaction, 1 ’ ON -574, 6/15/66 ^ 

UNIVERSITY OF MINNESOTA, "Editing of Proceedings of the VII 
Congress, of the’ International Quaternary Association - 
(ihqua)," GN- 616, 1/26/67 . ■ . 

Other Services: 

AMERICAN METEOROLOGICAL SOCIETY, "Management end Operations 
Study of Meteorological and GeoAstrophysical Abstracts,” 

ON -628, 4/25/67 

CENTER FOR RESEARCH LIBRARIES, "Continued Partial Support 
of the Scientific Journals Center," ON -567, 7/25/66 



'l 1 9T 
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SPECIAL PROJECTS 



|p 4 , 80 O 

8,928 

287,500 

449,825 

19,800 



AMERICAN INSTITUTES FOR RESEARCH, "Study o f Information 
Requirements of Scientists," C- 492 , li/23/66 
AMERICAN LIBRARY ASSOCIATION, "A Study of Acquisition of 
Science Materials for College and University Libraries," 
GN - 541 . 1 , H/17/66 

UNIVERSITY OF COLORADO, "Development of a Prototype System 
for Storage and Retrieval of Biological Information," 
GN-*5*, A/20/A7 

GEORGIA INSTITUTE OF TECHNOLOGY, "A Research Program In 
Information Science and Engineering," GN-^- 55 , ^/ 22 /A 7 
WZHTTENBURG, VAUGHAN ASSOCIATES, INC "Preliminary Study 
of the Economic Aspects of Specialized Information 
Services," C-5O9, 3/16/67 
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chemical information 



*60,950 

59,700 

214,900 

498,700 

117,600 

99,680 

10,769 

40,808 



AMEKtCAN CHEMICAL S 0 CIJTY/CHH*ICAL ABSTRACTS SERVICE, 
"Experiment* 1 Development of a Mechanized Registry 
System for Chemical Compounds and for Research and ^ 
Development in Selected Information Handling Problems, 

c - 414 . 4 , 11/25/66 - 

AMERICAN CHEMICAL SOCIETY/cHEMICAL ABSTRACTS SERVICE, same 
as above, C- 4 l 4 . 6 , 1/20/67 

AMERICAN CHEMICAL SOCIETY/CHEMICAL ABSTRACTS SERVICE, same 
as above, C- 4 l 4 rf . 8 , A/19/A7 

AMERICAN CHEMICAL S OC ILT Y/CHEMICAL ABSTRACTS SERVICE, 

“Research and Development Related- to the National Chemical 
5 Information Program,” C- 521 , ^/ 2 ^/A 7 
COMMERCE DEPT- /NATIONAL BUREAU OF STANDARDS, "NBS Research 
on a Generalized Computer File Organization and Search 
of Generic Chemical Structure,” AG-69, 11 / 30/66 
I XT RESEARCH INSTITUTE, INC., ’’Feasibility Study of the 
Development of a Specialized Computer System of Organic ' 
Chemical Signatures of Spectral Data," C- 514 , 4/17/67 
JOHN I. THOMPSON & CO., “Planning Support and Services for 
the ChemJ » \ Information Program,” C- 44 - 7 - 2 , 11 / 17/66 
SCIENCE COi -ilCATXON, INC., Analysis of Current Chemical 
Dota Coapiliitions for Baaic Information -Communication 
Units and Ccmbinatipns,” C- 478 , 7/6/66 



118 

DOMESTIC BOUNCE INFORMATION 



SqIqlsq inf grsatlgft j^shanga 

1350,000 SMITHSONIAN INSTITUTION. "Operation of the 8olenoe 

Information Exchange, C-4T3«3, 3/31/67 

Referral Canter 

•$25,500 LIBRARY OF CONGRESS , "National Referral Center for 

Science and Technology x " AG-l.fc, H/7/66 ' —— . 

135,000 LIBRARY OF CONGRESS, came ae above •• /*Q-1.3 j 6/19/67 

fltchnr Fftflftgal gcalifl&i 



Ur S. BEPT. OF HEALTH, EDUCATION & VELPAHB/oFFICE 
OF EDUCATION, 'Partial Support of the University 
of Maryland Manpower Requirementa Btudy," 

AO-90, 6/7/67 

DEPT . OF COMMERCE/CLEARIFGKOUSE, Purfhaae Order for 
Report by the Battelle Memorial Institute j "A 
Survey of Scientific -Information Manpower in 
Engineering and the Natural Science*, 20 Copies," 

8-67-4, j/8/67 

Ifcuf-Tedsrel Proleala 



$6,800 AMERICAN DOCUMENTATION ' INSTITUTE, Development of 

Seminar Tutorial Programs in Information Solenoe," 
ON-*57, A/2A/A7 

12.700 THE GEORGE WASHINGTON UNIVERSITY, "A Study of 

Scientific Journal Page Charge Practice a," 

c-500, 4/12/67 

50,000 NATIONAL ACADEMY OF SCIENCES/NATIONAL RESEARCH COUNCIL 

"General Support of a Council on Biological Science a 
Information/* C -310, T.O. 127, 1/6/67 
15,900 SPECIAL LIBRARIES ASSOCIATION, ^Current Literature 

Display on Information Science end Technology," 

ON -637, 6/19/67 

18.700 SYRACUSE UNIVERSITY, "Study the Coverage of Chemistry 

Journals in Nuclear Science Abstracts and Chemical 
Abstract a, " ON -612, 12/23/65 

454 SYSTEM ’ DEVELOPMENT CORPORATION, Purchase Order for 200 

Copies ® $2.27 ea. of a Report Resulting from NSF/OSIS 



C-464, "A System Btudy of Abetracting and Indexing in 
• t^|/^ited States, TM-WD-394, 12/16/66," P.O. B-67-3, 



£40,000 

60 
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FOREIGN SCIENCE INFORMATION 



IsanlaiigM. 



tL5,ioo 

47,000 

119,200 

20,665 

17,100 

20,500 

109,300 

21,000 

7,000 

30,000 

42.000 

10,100 

24.000 
19,100 
42,200 

■ 1 19,000 



1 


, ■' /i 


! . 


, . 



10,600 



21,400 



13,250 



25,300 i 

10,000 I 



' BEKftttHXCAL BOCIEfY, -Selects. 

s o viet. Geography: Review and Trapalg tlgp, ON -57 9 , 10/17/6 

AMHaCAK GEOLOGICAL ™8TXTL7rK,^Selective Treiialatloo Journal, 
npne' hemlotry International, Vol. XV (1967), GN -580-10/ 7/ 

AMERICAN GEOLOGICAL INSTITUIS, "Translation Journals: inter- 

national geology Review, Vol., IX (1967); and Dcfelndy of t he, 

— oi Tfi BR: Earth Belepec Sectloa.s, Vola. 172- 

177 "ON -581, 10/ 16/ 66 ' 

AMERICAN OEOLOOICAL INSTITUTE, "Support for Publication of Two 
Translations Entitled: Peep Seismic Sounding of the Earth a. 

Crust In the USSR end Ore Deposits, " CN-6&9, b/ 19/67 
Ai ^R fri AH GEOLOGICAL INSTITUTE , 'I rans let Ion and Publication of 
Russian Journal, Peleontologlche skly ghurnal, Vol. 1967," 

GN-*36* A/2A/Ar 

AMERICAN OEOLOOICAL INBTTTUTE, "Translation of Russian Monograpb 
Chetverti chnyy period (Quaternary Period), Moscow 1965, Vole* 

1 and II, 1 ' * 720/*? 

AMERICAN OEOPHYB ICAL ORION , "Translation Journals: geodesy jand 

Aerophotography, Geomagnetism. and Aercnomy, Oceanology, 
Stl^V^ Academy of Sciences. 

Solid Earth Series , Vols. 19&7. GN-605, 12/22/66 ” 

AMERICAN OB0RH78ICMT UNION, "Selective Trans let: S\™°^\/i6/67 
Soviet Hydrology: Selected Peters, Vol. 19^7, 7 

AMERICAN QS0FHY3ICAL UNION, "Produ^ion 1 2/8/67 

Soviet Hydrology: Se lected Papers, Vol. 1966* ON-486 .1, 2/0/07 

AMERICAN GBOPHTBICAL UNION, ^T^mslatic^ and ^ catio / "°L 
Russiah Journal, Oeotektonlka, Vo l. 19 67, GN-*39, */?3/* 7 . 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS, Support for Selected 
Translation Journal, Internati onal Chendcal Engineering, 

Vol. VII (1967)," ON -554, 10/17/00 - 

AMERICAN MATHEMATICAL SOCIETY, "export for T^uslatlon Journal, 
So viet Mathematics -Dohlady, Vol. VIH ;(1967)," ON-582, 10/17/bb 
AMERICAN SOCIETY OF CIVIL S5MN2ERB , ^ "Tranalatlon Journal, 
Hvdroteehnlnal Construction^ Vol. 19^7 > GN-596, 11/17/ 

ENTOMOLOGICAL SOCIETY OF - ULRICA, ^renalet lonJournal, 

Entomological Review, Vol* 46 (1967)# GN- 578, ^/^I/ 6 

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INp*> Trans- 

■ v ^lation Journals: En gineering ai d Electronic and 

■ rPAai^nnTTTmimicatioha an d Radio Engineering, (1967 V ON-OlO, 12/23/bb 

INSTITUTE OF ELECTRICAL AND ^^^^^^1^067^ "<5n' 

• let ion Journal, Engineering Cybemetiar, V ol . ^967, 

| XUgriTOO r OF ELECTRICAL AND EL UUrWlWUCfl HK3 . , 

■ lation and Production of 1964 Issues Throe Russian Journals . 
Under Two English Titles: Radio Englnef ring and Electronic, 

Physics, and Telecomm unications and Radio Engineerings 
GN-290.1, A/29/^7 

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC., 

"Support for Translation Journals: Radio Engineering and 

E lectronic PhyBlca and Te lee onmmn 1 c a 1 1 on b and Radio Engineering, 
Vole * i967, 7, 0N-*l0 J-, *>27/*? ~ _ 

THE OHIO STATE UNIVERSITY RESEARCH FOUNDATION, Preparation and |f 
Translation of a Volume of Readinge in Soviet Economic Geography, 

GN-593, 11 / 2/66 „ 

OPTICAL SOCIETY OF AMERICA, "Russian Translation Journal, Optics. 

end Epeotroscopy, Vol* XX (!967)* <i GN-6l4, l/l6/t>7 . , 

OPTICAL BOCIETY OF AMERICA, "Translation Journal, Optical -M echanical 
Industry, Vole. 1966 and 1967,*' GN-620, 2/13/67 _ . . . , 

S OCIETY ' FOR INDUSTRIAL AND APPLIED MATHEMATICS, "Translation Journal, 
Theory of Probability and Its Applications, Vol. XII, 1967, 

oR -592, uyi7/66~~ 



■j 



120 



14,100 




35,000 



\ 



66 , tro 

19.000 

33.000 



26,000 

98,700 



25,650 

1 1 



$ 22,100 

ie,3oo 



SOCIETY FOR INDUSTRIAL AND APPLIED MATHEMATIC S , "Translation "and 
Publication of Selected Articles on Control Theory in the 
SIAM*- Jour rial on Control, *' GN- f /3 # A/20/^7 
SOIL SCIENCE SOCIETY OF AMERICA, "SupporfcHFor Translation Journal, 
Soviet Soil Science, Vol. 1967 ," GN- 603 , 12 / 19/66 

Domastic/Oriental: 

AMERICAN GEOLOGICAL INSTITUTE, "Translation and Publication of 
Selected Papers from Acta GeolOgica Sinica, Vols. 1+4, 1+5, W, 

( 1961 +, 1965, 1966 )," GN-AA 3 , A/22/A7 
AMERICAN INSTITUTE OF PHYSICS, "Translation, Publication and 
Distribution of Acta Physlca Slnica, ( 1966 )," GN- 568 , 8 / 2/66 
AMERICAN MATHEMATICAL SOCIETY, "Support for Translation Journal, 
Chinese Mathematics --Act a , Vol. IX ( 1967 )," GN- 583 , .1 O/I 7/66 
BIOLOGICAL ATTRACTS, INC., "Translation of three Japanese 
Monographs 5 Marine Aquiculture of 60 Species; Fresh Water 
Aqu3 culture; end Marine Aquiculture, " GN-A72 , A/2A/^7 
ENTOMOIOGICAL SOCIETY^OF AMERICA, "Translation, and Publication 
of Chinese Journal, Acta Entoraologica Sinica, ” GN-645, 6 / 19/67 
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC., "Trans- 
lation Journals: Electrical Engineering in Japan and Electronics 

enR- Communications in Japan, (1967)," GN- 6 O 9 , 12/23 / 66 
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC., 

"Production and Distribution Of English Editions of Two Japanese 7 
Journals: Electron ics and Communi rations in Japan. Vol. 49 ^19bt0, 

and Electrical Engineering in Japan . Vol. 86 (1966)," GN— 491*1, 

6/26767 

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC., "Support 
for Translation Journals: Electrical Engineering in Japan, _ 

Vol* 87 ,( 1967 ), and Electronics and Coimiiunl cations In Japan , 

Vol. 50 ,( 1967 ),” GN-^09.1, V27A7 

INSTRUMENT SOCIETY OF AMERICA, "Translation Journal, Acta 
Automatica Slnica, Vol. I 966 ," GN-604-, 12/19/66 



Special Forel ^ Currency Translation Program 



$ 685,000 

180,000 

100,000 

55,000 

15,000 



ISRAEL: C-244 -12, 7/11/66 @ $20,000 

C-503 4/26/67 @ 665,000 

YUGOSLAVIA: C-2 51.15, 12/17/66 @ 80,000 

C-502.1, 6/29/67 @ 100,000 

POLAND C-250.15 , 1/10/67 

INDIA C-466.2, 12/17/66 

UNITED ARAB REPUBLIC, C-474, 6/30/66 /Aug. ’66 obligation/per C/Fo7 



1^4 
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Foreign Sc ^«ne« Services and Publl catlona 



13,300 ■ 
11,430 ^ 

4,000 

60,800 

10,000 

16,000 

450 
46,4 50 

62.200 

32.200 

3,100 

W,915 

32.215 

16.215 



AMERICAN INSTITUTE OF PHYSICS, "Conference of Editors of 
Primary Journals in Physics,” GN- 63 O, 5 / 8/67 
CENTER FOR APPLIED LINGUISTICS, "Support of the Secretariat of 
the Committee on Linguistics in Documentation of the Inter- 
national Federation for Documentation, n GN-618, 2 / 2 I /67 
INTERNATIONAL ASSOCIATION OF TECHNOLOGICAL UNIVERSITY LIBRARIES, 
"Support of the Secretariat of the International Association 
of Technological University Libraries,” GN- 632 , 5/ 15/67 
COMMERCE DEFT. /CLEARINGHOUSE, "Operational Functions of NSF'b 
S pecial Foreign Currency Science Information Program, AG-59, 
8 / 25/66 

INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS, "Continued Partial 
Support of the ICSU Abstracting Board," GN- 606 , I/IO /67 
LIBRARY OF CONGRESS, "Partial Support of the Publication of the 
World List of Future International Meetings, " AG -84, 3/24/67 
LIBRARY OF CONGRESS, same as above. Part I* World. List , AG-43.1, 
NATIONAL ACADEMY OF ^CIENCES^ATIONAL RESEARCH COUNCIL, "Support 
of the U. S. National Committee for the International Federation 
for Documentation (FID)," C-310, T.O. 41.5, II/ 8/66 
NATIONAL ACADEMY OF SCIENCES /NATIONAL RESEARCH COUNCIL, "Partial 
Support of the Central Office of the International Committee on 
Data for Science and Technology,” C-310, T.O. 124, I 2 /I 3/66 
NATIONAL FEDERATION OF SCIENCE ABSTRACTING AND INDEXING SERVICES, 
"Acquisition and Announcement of Journals from Mainland China,” 
OH-642, 6/19/67 

UNIVERSITY OF NORTH CAROLINA, "The American Standards Association, 
Sectional Subcommittee Z-39, ” GN-473*2, 3/13/67 
SPECIAL LIBRARIES ASSOCIATION, "Operation of the Translation 
Center," GN- 59 I, 10/17/66 

SPECIAL LIBRARIES ASSOCIATION, "Translations Register-Index, 
GN-<70, V2V * 7 .. 

SURVEYS AND RESEARCH CORPORATION, "Contract for Preparation 
, of a -Directory of Communist Chinese Research Institutes 
and Key Personnel,” C-40A.1, t/23/#? 



* 



± 23 - 
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PRO SUM/ACTIVIT Y SUMMARY 
SCIENCE INFORMATION ACTIVITIES 
FISCAL YEAR 1968 



RESEARCH AND STUDIES 



Common! cation. Patterns 



$ 29,100 

31,450 

73,300 

5,500 



AMERICAN INSTITUTE OF PHYSICS, “Studies of Klepenta of a Physios 
Information System," GN-549.2, 10/5/67 
AMERICAN MATHEMATICAL SOCIETY, "A Conference on Communication 

Problems in the Mathematical Sciences, " GN-7Q2, 11/15/67, 12 mo 3. 
UNIVERSITY OF MICHIGAN, "Integrative Meohanlsma in Literature 
Qrowth," GN-716, 2/15/68, 12 moa. 

BV YORK UNIVERSITY, "Synthesis of Research on the Flow and Use of 
Scientific and Technical Information," GW— 454*13 8/21/67, 14 moo. 






♦ 2,379 
7,325 



419 



18,775 

88,700 

9,400 



AMERICAN INSTITUTE OF PHYSICS, “Committee Meetings and Seminars 
Looking Toward a Phyaioa Information Gff-629.1, 10/5/67 

flUMAN RELATIONS AREA FHiS, INC., Support of a Conference Entitled 
Toward an Automated, Comprehensive , Eaat Asian HI blio graphic 

1,1 NeW Conn, During Jan, 1968, GN-712, 

12/26/67, 12 mas. ' 

Of 31 oopleo of Anmml B ^Yl fTV 

0. 68-t426, 



Soienog and Technology 



Volume II," P. 0. 



PITTSBURGH REGIONAL LIBRARY CENTER, "Evaluation of a Union List 
of Serials," GN-697, 1/8/68, 18 moa, 

PURDUE RESEARCH FOUNDATION, "Operational Analysis of Information 
^tee»e,“ CW-759, 4/30/68, 24 moa. . 

STATE UNIVBISITY OF NEW YORK AT BUFFALO, "Demand Models for. Books 
in Library Circulation Systems," ©f-706, 3/20/68, 24 mo, 



Organisation end Wrhl ng 



$ 142,100 

340,000 



96,250 

158,775 

137,403 



CORNELL UNIVERSITY, "Automatio Document Retrieval System Procedures." 
0M-750 , 5/ 22/68, 24 m oa. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, "The Continuation of the 
Design, Development and Evaluation, of an Unconvontional Librarv 
Catalog," GN-774, 6/28/68, 24 moa. * 

UNIVERSITY OF PENNSYLV ANIA, "Real-Time Video Console Indexing » 
GN-682, 8/25/67, 18 mos. 

PRINCETON UNIVERSITY, "Research on the Improvement of Automatic and 
Computer-Aided Indexing and Related Means of Information v 1 " 
GN-709, 2/13/68, 24 moa. f 

SYSTEM DSnODROVT OORP, , "Document Representation Technic „a." 
C»-708, 1/24/68, 24 mos. ^ * 



±ZS 
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information systems 






fc.OOO 

92,800 

23,260 

239.300 

55,000 

300,000 

143.300 

1,400 

23.500 

450,950 

46,000 

40,000 

19,000 

42,950 

168.500 



AMHUCAN GBGLMXCAL INSTITUTE, "Interorganieational Liaison In 
Klcropaleoatolofy," QN-622.2, 4/4/68, 14 non. 

AMERICAN INSTITUTE OF PHYSICS, "Additional ProroquiaH^a for 
Development of a National Information Syotom for FJiyaica," 

ON-686, 9/13/67, 6 bob. ' 

AMERICAN INSTITUTE 07 PEX3IC3, "Key Peraonnel Staffing for A IP 
Information Program," ON-646.1, 11/3/67 
AMERICAN INSTITUTE OF PHYSICS, "Toward Development of Q National 
Phyaloa Information System," (21-720, 12/29/67, 6 noa. 

AMERICAN INSTITUTE OF PHYSICS, same aa above, GN-72D.2, 6/24/68, 2 rnoa. 
AMERICAN INST I T U TE OF PHYSICS, came aa above, GN-710.3, 6/28/63, 10 mos. 
AMERICAN INSTITUTE OF PHYSICS, "Maintenance of a Computer Store 
of Phyaloa Informatics," ON -713, 1^/29/67, 12 bob. . ^ J><t 

AMERICAN INSTITUTE OF PHYSICS, some aa above, GN-7X3.X, 2/21/68 
AMERICAN MATHEMATICAL SOCIETY, "ConBdttee to Monitor Problem* in 
Communication, • 0W-73X, 1/29/68, 12 bob. 

AMERICAN PSYCHOLOGIC AL ASSOCIATION, "Development of a National 
Information System for Psychology! Definition Phaa*," 

(2!-772 , 6/10/68, 9 bob. ^ 

BIOLOGICAL ABSTRACTS, "Preparation of a Guide to the Vocabulary of 
Biological Information," PN-751, 4/30/68, 12 non. 
r®NTKR FOR APPLIED LINGUISTICS, "An InfcOTmation-^yutoB Program 
for the language Salenuaa, Stage Two* Syatem Doaign, 15 
OK— 771, 6/28/68, 4 moa. ^ 

THE EOONOMKTRIC SOCIETY, "Development of Mechanisation Sjreter: for 
Biogmphioal and, Bibliographical Indenting," DN-734, ♦’/ 2ly 68 , 24 mos. 
ENTOMOLOGICAL SOCIETY OF AMERICA, "A System-Designed Entomological 
Data Center— A Feoaibility Study,"' CHI-773, 6/28/0&, 12 bob. 

UNITED KNOINBBRINQ TRUSTEES, INO., "Prei>«ration of an Engineered 
P lan fop an Engineering Information and D**te System," GK-760 P 
.5/15/68, ID bob. 



Library 
1200,000 
60,700 
125,150 



39,450 

119,250 



COLUMBIA umv ntsm, "Library System DeveXopaant for a *<ars* 
Research Library," QN-694, 3/22/68, 18 aoa. 

COLUMDIA UNIVERSITY, "Support of a Collaborative Program In 
Library. System Developiaentt" QN- 724 , 3 / 15 / 68 , 18 bob. 
MASSACHUSETTS INSTITUTE Cfl* TECHNOLOGY, "Technical Information 
Syateta^" ON - 589 . 1 , 1 / 33 / 63 , 12 bob. , - , 

UNIVERSITY OF TEXAS, "Autonation of Soleoted Library Reference 
AotiVitiia, " 01-733, 5/8/68, 12 bob. ^ - 

WILLIAM MtftSIl RICE UNIVERSITY, "A SoloRce Improvement Frogret* 
the Oulf Coaat Region," ON-758, 3/15/68 , 17 .awe. ■ ■ 



publication Svatamfl 

4L5.600 AMERICAN INSTITUTE OF PHYSIOS, "Erperimenta with Oomputera for 

Priway Journal Composition and a Variety of Related Services," 
- CW-601.1, 11/3/67 

2,800 AMERICAN INSTITUTE OF PHYSICS, "Current Communication in Physical 
Initial Phase," 0N-623.X, 11/3/67 

152,000 AMERICAN MATHEMATICAL SOCIETY, "implementation. Toot, and Rafine- 
•mt «Tl Computer-Aided Journal OcB*waiti©n Sr*U*x for Matho- 
Botlca ,^011690, 13/1/67, 14 bob. 
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INFORMATION SERVICES 



Afrfftrp.cting and InAoXUu* 



AfitI: 



O 

ERLC 



$78,000 AMERICAN MATHTOiATICAL SOCIETY, "Preparation and Publication of 

(78,000) 

43,000 



200,000 



( 63 , 120 ) 

108,900 



26,900 

102,600 

145,000 



88,000 



157,000 

12,900 



158, 



92,500 



Mathematical Reviews . Calendar Year 1967," GN-680, 8/4/67, 12 mos. 

CYA/ April 1968 

AMERICAN MATHEMATICAL SOCIETY, "Preparation and Publication of 
a Cumulative Subject/Author Index for the Journal, Mathematics 
g£ Computation ," GN-691, 12/28/67, 18 moo. 

AMERICAN METEOROLOGICAL SOCIETY, "Preparation, Publication and 

Distribution of the 1968 Volume of M eteorological and GeoAatrophyqical 
Aba tract a (MGA) and a Cumulative Annual Index Relating Thereto," 

C-549, 5/31/68, 18 mos. 

SSSA transfer for above @ $40,000, and $23,120 from DoD 

AMERICAN PSYCHOLOGICAL ASSOCIATION, "Preparation and Publication of 
Ps ychological Abstracts for Calendar Year 1968 GN-743, 

4/24/68, 1 2 mo s, V 

AMERICAN SOCIETY FOR TESTING AND MATERIALS, "Preparation of a CODDU 
of Periodical Titles," GN-5 52. 2, 2/13/68, 12 mos. 

ASSOCIATION FOR GYMBOLIG LOGIC, "Preparation and Prooesulng of 
Accumulated Review Materials for Publication 3 n the Journal of 
Symbolic jKUtic ." GN-280,1, 10/6/67, 36 mos. 

ENGINEERING .INDEX, INC. , "Computerised Abstracting and Indexing 
Frogrsm In Plastics and Electrlcal/felectnor&ca Fhglneerlng," 

\ OH-762 5/23/68,' 8 -mos. 



Bibliographies and Specialized Indexes s ' " “ ‘ ' ’’ 

AMHUCAN DOCUMENTATION INSTITUTE, "Preparation and PubUoatlon of 
the Arv wal R9View Qf ^formation Selene- Technology . Vola. Ill, 
IV, and V," ^^92711/3/67, 36 o?a. , 

AMERICAN RUSEWf OF NATURAL HISTORY, *Bibliogrrph' c Service in 
Heri»etoloar " GN-?C?i "1/8/68, 24 mos. 

BOSTON UNIVERSITY, "Preparation of an International Bibliography 
and Trend Report on the Sociolc'tj of ^rriago and Family Behavior," 
GN- 575.1, 2/13/68 ' 



UNIVERSITY OF CALIFORNIA, SAN DIEGO, "Preparation of a Catalogue of 
Eodlolaria," OKp- 687, 9/26/67, 36 mos. 

6, OOp DffHOfATMWAL ASSOCIATION FOR PLANT TAXONOMY, "Publication of a 

BlgffiratJW fl tlc. LUra&ara_Spjcvsy 1945 - 64 . ? 7/24/67 r 12 moo. 

Ktf MEXXOO INSTITUTE OF MUTING AND TEC1IN0LDGY, ♦'OM^iiation and 
Publication of an' Indexed --Annotated Bibliography of Geothermal 
Phenomena," GN-764, 5/24/68, 24 mos, . 

7 ’ 650 **z*eJm~ t« 



Other Publications and Service 



‘£ 22 . 



‘>•1. 



$ 26,000 

2,500 

15,000 

480,000 

13,200 

14,400 



^Research Journals: 

AKHIICAN ANTHROPOLOGICAL ASSOCIATION, "Publication of Basic Research 
Document* and of Book Reviews in Anthropology," GN-737, 3/19/68, 

. 24 moo* 4 , V- 

AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS, INC., "Xograpliic rUustra- 
tion of Lysozytno Model," GN-736, 3/8/68, 6 mos. 

. CLARK UNIVERSITY, "Publication of. the Journal. 

GN-683 , 9/13/67, ”36 00 s. 

CEOIDGICAL SOCIETY OF AMERICA, "Aocelerated Publication Program of 
the Goological Society of America," GN-693, 2/9/68, 24 b»s. 
REGIONAL SCIENCE RESEARCH INSTITUTE, ."Publication of the Journal of 
Ratrlnnn1 Science ." GN-730. 2/jq/68 r 36 n»a- 
WILLIAM MARSH RICE UNIVERSITY, "Publication of a Journal, Public 
GN-721, 2/20/68, 36 n»s. 
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38,700 

9,480 

18,500 

8,800 

8,000 

2,375 

6,950 

3,840 

6,450 

6,360 

9,430 

22,300 

18,000 

40,300 



190.000 

76,800 

12.700 

50.000 



Monographs ; 

JMHUCAH (33DCRAJRHCAL SOCIETY* "Publication of , JT _ 

In the Antarctic, 1775-1948," GN-741 Jjl «; ^ Z Actlvitlsa 

BERNICK P. BISHOP MUSEUM, "^blicatlon’of , 

too-ap,, n ,n ON-745, 5 ;i6/68, £ ^ ^iXiSU^ts 

BERNICE P. BISHOP MUSEUM, "rnrt.iul Publication .'hi,, port for the 

B n ^ j r • w - uo -? » 6/2R/6R, » nos. ' 

GN-w” UOaU ° n ° f ^^ro ilTO ,.1„ A:, lT o f „, y .- ir -,n 

. ‘. r „ rr „ r 

limlfln_£7rcerv . " 01-728,1/23/68, 12 aoB.^* BSOA WOT l CST I 

UNXVERSIT1 °F MIAMI, "Publication of A Revision of th» Genera 
^noopalB, P^.pnoSStgs-.-aS sTvt 

“gg ^ »«*™" * tl» 

«' *-«» — - 

THE NEVT IDRK BOTANICAL GARDEN, "Publication of Tho Houaticac ami 
/^\UiccQroi^aq Of North Ampy-inn. Volume II," GN-679 , 10/5 /67 12 mon 

-Preparation of a WaKi™ 
tho Cryutal Chemistry of Non-Metallio Materials," GN-7ZA 
4/14/68, 24 moo. 9 

TKX J S il A *^,“5®“® FOUNDATION, "Publication of Scientific Results 
°£ H” y V ,^TS? rt DRUtW Program in the Southeaotern Pacific Ocean," 
ui*— oo2*l, 6 / 24 / 68 , 15 moo. 



Other Services: 

- wsks& , 2E2: ^ 

Support," GN-752, 6/3/68, 24 nos. ^ and Gorammioationa 

"S5“. , SSS <! £ sr"" “ -w* -a-.- 

6 -oa . r r M^ropnleontologicnl Data Projoota," GN-766, 5/23/68, 

C&mm FOR RESEARCH LIBRARIES, "Partial Support or the 
Journals Center," GN-746, 4 / 26 / 68 , 12 «o*. ^ Scientific 
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31-464 O — 69- 



SPECIAL PROJECTS 



155,200 

268,150 

365,800 

274,600 

32,786 



_JL 290 



UNIVERSITY OF ARIZONA, "Preparation of a Prototype Iteahina-Roaiabl© 
Subject Index for Desert Environments Informatics , " GN-735. 

2/28/68, 18 rooa. ’ 

LEIIIGH UNIVERSITY, "Prototype Retrieval System Develoj #nant Within 
an Information Rosourco Laboratory," GN-663, 9/19/67, 24 moo, 

OHIO STATE UNIVERSITY RESEARCH FOUNDATION, "Oottjuiier ami Information 
Science Research Center," GN-534-1, 4A 0 /68, Xi moo. 

STANFORD UNIVERSITY, "Development of a Physics Information Retrieval 
System," GN-742, 5/16/68, 12 cos. 

WHrrTKNBURG, VAUGHAN ASSOCIATES, INC., "A Preliminary Study of the 
Economic Aspects of Specialized Information Services," C— 509,1, 
11/15/67, 12 moa. 

UHITTENBURG, VAUGHAN ASSOCIATES, UK., same as above, G-509. 2,- 6/7/68 







O 

ERIC 
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CHEMICAL INFORMATION 



$ 3,242 

152,000 

655,000 



33,000 

754.600 

520.600 

1,119,564 

310,000 



96,800 

136,900 

162,180 

150,281 



1,650 

45,ouo 



145,218 



120,000 



mSSSdM CHEMICAL SOCIETY, "Systems Requirement a Analysis for 
DlodeniMtin^ Primary Literature,” GH— 563*1, 8/18/67 
4ME311CAH CHEMICAL SOCIETY, "Implementation of the Role of the 
Computer* in Scientific Publication, " G W— 740 , 4/ 10/68, 9 moa. 

AMERICAN CHEMICAL SOCIETY/CHEMJCAL ATTRACTS SERVICE, "Experimental 
Development of a Mechanised Registry System for Chemical Compounds 
02*1 for Research and Development In Selected Informal. ion Handling 
Problems," 0-414* 10, 11/2/67 
iiGS/GAR» same as abovo, C-41A-H, 11/17/67 
ACS/C.AG, oamo as above, 0-414-12, 6/7/68, 9 moa. 

AOS/CRG, same as atovo , 0-414*13, 6/7/68, 6 mos. 

ACS/OAG. same as above, 0-414*14, 6/21/68, 4 moo, 

AMFRIOAN CHEMICAL SCCIETY/CHEMIOAL ABSTRACTS SERVICE, "Rcaoarcli and 
Dovolojaaent Related to the National Chemical InronnuUon Program," 

0-521*1, 8/28/67 

ACS/CAS, some as abovo, -C-521.2, 4/30/68 

ACS/C AG, same as above * 0521.. 3 , 5/13/68, 4 moa. 

ACS/CAS, same as abo'tfe, 0-521»4» 6/27/68, 3 moa* 

irr RESEARCH XHSTiriJTE , "£ a tabli abmen t of a Chemical Information Center 
in Order to Develop a S&paulllty to Educate and Assist Industry in 
such a Manner co as Vo Link Industry (and to a lesser degree, 
academia) to Chemical Information," C— 554, 6/ 26/68 , 12 mos* 

(excludes tbo $10,615 contributed by GES) 

INFORMATION HANA6EMENT, INC., "Preparation of a Precis of the Study 
An Overview of Worldwide Chemical Information Facili.M oe _ana 
Resources 0-538, 10/4/67, 1 mo. . 

JOHN J. THOMPSON &, COMPANY, "Tho producing of Expository Information 
on the Disci $&ittd-0zdenteri. Computer-Based Chend.tjal Information 
System Doing Cevealopod Primarily by tho Chemical Abstract:; Service 
of tto American Chemical Society," C-551, 5/1/68, 1’! mos. 

UNIVERSITY ^PENNSYLVANIA, "A Study of Largo Scale Chemical File 
Organization hurt Programs for Display of Structural Formulas, 

8-547, 4/29/68, 13 moa. _ 

BNXVKR&SrriY OF PITTSBURGH, "A Chemical Info ration Center E^>ori»enfai 
Station.,* GN-738, 3/20/68, 6 moa. 
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DOMESTIC SCIENCE INFORMATION 



Science Information Exchange 

$ 310,000 SMITHaoNIAN INSTITUTION "Operation of the Science Infection 
1 on Exchange," C-437.4, fl/28/67, 2 nos. ° n 

S4ITIK3QJJIAN INSTITUTION , same els above* C— 437 5 21 / 1*7 ' ' 

150 -SB0 SMITHSONIAN INSTITUTION* Bamo M S, 0^.6, 3/8/Q 

Ot^gr i’frforol Projects 



10 aoo. 



*&5,000 

30,500 

8,000 

174,687 



25,000 



<*°™*»***° On,. 

n ™S', OJ ' : '' LQn,iarrI °’ ” r - hBrvln Toak «roui-." 

HOSCTELUM, Mnrcuo (indiviauci) , "Preparation of the Text for the 

f® C0MP "«* "A Study of Covernwmt-Wide 
^565,^A9/6i, r^ a ? H ° aeaPOh Pr ° JeCfc Re P° rtl -S Syeteae," 
DEVELOmEffr CENTER, "Publication of Third Edition of 
^^.^aS/ 68T » SS. 1 ” Inf0rraatl ° n Sol " nCe ° Technology," 



$2, OCX) 
26,700 

26,135 

37-000 

42,020 

21,900 



AMERICAN CtniOGICAl. INSTITUTE, "Partial Support Tor t.ho WrtiL Meeting 
of l.lio Acjcioclailon of Earth Stolen co Rditoro," C2W-/>S8, 9/26A&V 7 . 
ASaytlATION OP AMHtlCAN UNITORSITT PURSES, INC., 6 ” SO ’ 

^/■l«/trt^ > °n U1Dontation ^ n<i Information Handling Teohniquon , " CN-700 
J/J-V/SB, V moo. * 

jgg. 

I^ 1 ^!!?^TO4,^8A8? N ll I TOa 0F SERIALS ’ IKC ‘’ "Seiiels Data 
NAT^NAL ACADEMY OF SCIENnES , "Support of the Office of Critical 
Tabloa," C-31C/T.0. /S046, 4/8/68, 5 bob. 

‘ C ^ < HE f?i* a! I'EVELOPMENT CORPORATION, "Survey of Profeoeional 
Scientific Sooietiea," 0-550, 5/3/68, 5 noa. 
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FOREIGN SCIENCE INFORMATION 
Translat ions 



*15,955 

ft, 071 
17,300 



102,066 

9,290 

136,800 

18,400 

233 

22,600 

19,175 

12,600 

11,800 

6.500 

24,600 

9,7p0 

45,00fc 

5,750 

9.500 



Dome a t ic/Slavic : 

AMERICAN FISHERIES SOCIETY, "Translation Journal, ^ryb^oMui of. 

Isiujttdaia d'** »«*•)*" GN - 715 > r /■>,/(* 

AMERICAN FISHERIES SOCIETY, same as above, GN-71p-l, j/±ty oft 
AMERICAN GEOGRAPHICAL SOCIETY, "Selected TranalnUon 

Saviol. OoOirtttBhg l Roviou ftJ x i Translation. Vol. IX, (l./b8J , 

GN-695 , 12/27/67 , 18 mou. 

AMFRICAN GEOLOGICAL INSTITUTE, "Translation Journals t Inl.^rrutL^bnal 
fiflolorv Review , Ooklndy-~ -Earth Sciences, Section, P/PLoon tolofly, and 

1968 )," GN-726, 2/8/68, lSmcs. 

AMERICAN GEOLOGICAL INSTITUTE, "Translation of Russian Manonraph ^ 
Chetvcrtl nhnvv Period (Quaternary Period) , Moscow 1967 (Vol. HI), 



AMmi C AN * CIX) PH YSI C AL UNION, "Translation Journals* Spvi?t HydrviqRY y 
Atmospheric^ Oceanic Physics, FhY^9P th? Splid 

neoma!metia^ mU Mr^nomy , C^d psy an d AeroptotoCTap 1 ^ , O s g^g ffl E , 

r^ot^otonl cg (Vols.1968) , " G N-72 5, 2/3^/68, 24 moa. 

AMFRI CAN INSTITUTE OF CHEMICAL ENGINEERS, "Selected Translation 
- _ -r— *. *.» nU/MfnDl Slncrinnopilt^. Vol. VIII (1968/, 



MFRICAH moi -LlUA-H, Wf , --- 

Journal, International Ch f*nical Engineorinil, Vol. 
GN-696, 1/5/68, 18 roos. 

. _ - - - t,tmnrrtn ft C* 4 ^»«4- 1 P4 m n it 



AMERICAN ’ IN ST ITl) 'IE OF PHYSICS, "Scientific Editing of mi Enclieh 
Translation of D. Ya. Martynov's Book, A Cpursg^L Practi c a l 

AM ERICAN 1 *80 CTETY OF CTVIl'f^OT^S, "Translation Journal, Hy^yo to clinical 
ruction. Vol. 1968," GN-701, 3/9/68, 24 moo. 

AMERICAN SOCIETY of MECHANICAL ENGINEERS, "r^IecLwlTrr.nu^tionOmii^, 
ih.nl. Transfe r mBBnU&L - -^ vlet Research." GN-754, 6/6/68, 18 w«. 

KNTOMOri^lCAL SOKIETY OF AMERICA, "Translate on Journal, F^tomolor 1 
Rovrlew, Vol. 47 (1968),” GN-699, 3/9/68, 18 moo. 

INSTITUTE OF KJjKCTRICAL AND KIJ2 CTRQNICS ENGINEERS, INC., Translation 

^urn£ L^l. Control (Vol. 1968)," GN-720, 5/24/68, 18 mos. 

OHIO STATE UNIVERSITY RESEARCH FOUNDATION, "Preparation and Translation 
of n Volume of Rendinra in Soviet Ec onomic Geornraphy," GN-593-1, 

i^Cm'Y^FOR INDUSTRIAL AND APPLIED MATHEMATICS, "Monograph, P i TV^ . ^ S. 

_<r i wnjstd.es and Continuum Mechanics GN— 711, 1/3/68, 12 mos. 

Sd&StSaL AND APPLIED MATHEMATICS, "Translation Journal, 

- ^hnp.v mid Its Ap plications, Volume 13, 1968, 



fl n^ ’g^MOB^OCTCtl 0 F°AMHaCA, "^anaiatlon Journal, SOYlcV Sa il 

Rnlencf Tvol. 1968," GH-705, W 6 S, 1* OH-705 1 2 / 12/68 

cnnqrTEMCE SOGIETY OF AMERICA, same a« above, (al-705.1, -s/i*/ 

iS OF AMEaCA: ^support ror^n^atlo^oumal. 

Ml aaltttft . Vol. 1967," GH-403A, 2/15/66, 6 -os. 
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Domes tic/ Oriental : 

121,400 AMERICAN MATHEMATICAL SOCIETY, "TranalnUon Journal, C lilnoae 

M ?it.horrmti«’.3 ^Jcla , Vol. X, (2 issues 1956, oftd-4 ifaimea 1957) 
GN-748 , 4/30/68, 24 mos, 

100,500 INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC., "Translation 
Jouraulai Electrical Engineering In Jaaan , nrri Electronic toy I tk>m- 
miLlSSiAailil In Japan ." GN-698. 5/24/68. 18 moo. 

15,200 INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC., "Four-Tart 

tonaemm Electron ics In Mainland China. " GH-714, 5/24/68, 18 ■os* 



Special Foreign Currency TtobMpu Program 

$525,000 ISRAEL C-5QJ.3, 1/26/68 

225,000 im/lNH C-501.2, 1/26/6S 

175,01X1 YUGOSLAVIA C-502.3, ^2/68 _ 

50.000 INDIA 0-^66. 4, ^2/68 

25.000 TUNISIA C- 504 .I, 1/23/68 
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♦3,542 

20,000 

200 

15,423 

54,000 

54,200 

479 

5,695 

10,000 

21,280 

54,050 



3 ,000 
55,783 

4,650 

9,952 



JMERICAN CHEMICAL SOCIETY, "Symposium on Notation Syateoa," to be 
held in San Francisco, Calif, during March and April 1968, 

BERNICE* P.^BISHOP^SEUM*, "Partial Support of the 

of the Pacific Science Association," GN-681, 8/15/67, 60 mos, 

CALIFORNIA INSTITUTE OF INTERNATIONAL STUDIES, "Preparation of a 
Report on Science Informa l gn in Middle and South America , 

CENT^FOR’APPLIED^LINGUISTICS, "Support of the Secretariat of the 
Committee on Linguistics in Docnimantation of the Internatxonal 
Federation for Documentation," GN-761, 6/10/68, 1, oos. 

OOMMIIRCK DEPT. /Clearinghouse for Federal Scientific and 1 ec in 

Information, "Operational Actions forNS-'c Foreign p ^ 

Currency Science Information Program, FY AG ” 13 /» ^ ' 

COMMERCE DKPT. /Clear inghouso for Federal Sol ontif :ic and recJmiea 
Information, "Operational Functions for NSF's ^pe^^ Korcxgn 
Currency Science Information Pro/^am, FY 1969," AO-1 
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEER. » , INC. , "TEE Inter- 
national Convention," New York City, March 18 - 21 , 1%8, 

mra^ATloKL^SINFS^ MACHINES CORF. , "Purchase of Eight I EM Electric 
Typewriters and Shipment of Same to NSF/New Delhi, Miafor Loan to 
the Indian National Scientific Documentation Centre (INSDOCJ , 

NSF Contractor under C— 466," P.0 . 68-639 , 5/17/68 
INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS, "Continued Partial Support 
of the ICCU Abstracting Board," ON-727, 2/1/68, 12 moo. • 

LIEHARI OF CONGRESS, "Partial Support of^the Publication of the 
T dnt of Future Internat ional Meetings,” AG-135, 2/28/68, 12 • 

NATIONAL ACADEMY OF SCIENCES, "Supi>ort of the U. S. National Coianittee 
for the International Foderation for Documentation (FID; , 

C-310/T.0. *41. 6 , 12/1/67, 12 moo. 6/26/68 

NATIONAL ACADEMY OF SCIENCES, same as above, ^ 310 /T.O. ^.7, b/2b/«J 
SPECIAL LI UR ARIES ASSOCIATION, "Operation of the Translation Cont.or, 

GN-729, 1/22/68, .12 mou. . _ r/oy/Aft 

SPECIAL LIBRARIES ASSOCIATION, same as above, CN-^29.1, V-4/0 0 -. ± 

SPECIAL LIUR ARIES ASSOCIATION, " Compile timiand lhjblication of ^a emulative 
Index to Scientific and Technical Translationa,^ GN->Ti.l, 5/24/68 
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Mr. Ptjcinski. Do you think that by paying for the travel of scien- 
tists to meetings that this is what the Congress intended when it said 
to foster the interchange of scientific information among scientists in 
the United States and foreign countries ? Do you think that the junkets 
that you are paying for is what the Congress intended? 

Mr. Bell. May I interrupt just a second. Although your concern is 
directly under the National Science Foundation, do you have an 
independent capacity ? 

Dr. Adkinson. No, I don’t. - 

Mr. Bell. Are all the people you send on trips sent for the National 
Science Foundation or does the National ^Science Foundation send 
some and you send some ? 

Dr. Adkinsost. The Office of Science Information Service is a unit 
of the National Science Foundation. When you ask how many people 
have been sent I gave the total number for the whole National Science 
Foundation. 

Mr. Bell. Mr. Chairman, I must object on behalf of the witness 
for the use of the word junket. I think the reference to junkets is a 
bit unfair as though these were pleasure trips. There is obviously 
good need for many of these trips and I don’t think we ought to use 
the word junket. ' 

Mr. Ptjcinski. I think that because it has been so popularly accepted 
that every time a Member of Congress takes an investigation trip it 
is called a junket, that I don’t know why we should 

Mr. Bell. These are people of the Government and we are not a 
newspaper organization interviewing them. 

Mr. Pucinski. Let’s strike the word junket. 

As I understand the Science Information Service was established 
as part of the great awakening of this country to the lack of our 
scientific pursuits, especially when Sputnik was launched. 

This Agency of yours, the Science Information Service, was created 
to perform a specific service, not to duplicate the National Science 
Foundation. 

Now, the National Science Foundation had been in business for a 
long time before that, hadn’t it ? 

Dr. Adkinson. It started in 1950, but it had a unit which was known 
as the Office of Scientific Information, and that is what I moved to 
the Foundation in 1957 to head. Then that unit’s name was changed 
and the assignment of NDEA title 9 was more specific. 

Mr. Pucinskx What percentage of your annual budget, Dr. Adkin- 
son, would go for the payment of these trips by the scientists? You 
say you received approximately $11 million a year. What percentage 
of your budget goes for the payment of these 700 or so scientists whom 
you assist in making these tnps ? 

Dr. Adkinson. Let me make sure that we understand one another. 
The Office of Science Information Service’ budget alone paying for 
trips related to scientific information activities will represent way 
less than 1 percent of the budget. For the 750 that I mentioned, for 
the whole Foundation, that runs in the neighborhood of around $450,- 
000 out of a budget of $450-some million. 

Mr. Pucinski. You said in your testimony that you do not believe 
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that it is desirable at present to establish by legislation a formal 
national information system ? 

Dr. Adkins on. Yes. # ... 

Mr. PuciNSKi. The reason for this legislation is to try to get your 
agency to do what you should have been doing the last 10 years or 11 

years and apparently have not been doing. . 

Section 3 of the act, title 0, setting up a Science Information Service, 
section 901 says : 

The National Science F'ound.attton shall establish a Science Information Serv- 
ice The Foundation, through such service, shall, one, provide or arrange for the 
provision of indexing, abstracting, translating, and other services leading to a 
more effective dissemination of scientific information ; and, two, undertake pro- 
grams to develop new or improved methods including mechanized systems for 
making scientific information available. 

Where, under section 901, Dr. Adkinson, is there, any authority in 
your judgment to subsidize these trips by scientists? IV'here does that 
come into the language of 901? . „ , . 

Dr. Adkinson. It doesn’t. It comes 'into the enabling legislation of 
the Foundation to footer the interchange. . • . . 

Mr. Pucinski. What I would like to know at this time is what per- 
centage of your $11 million goes for the subsidizing of these trips? 

Dr. Adkinson. $5,000, roughly. 

Mr. PuciNSKi. $5,000 ? 

Dr. Adkinson. Yes. 

Mr. PuciNSKi. A total of $5,000 ? 

Dr. Adkinson. Out of the $11 million. 

Mr. Pucinski. For the 700 scientists? 

Dr. Adkinson. I said that is for the total F oundation. _ 

Mr. Pucinski. In other words, we are not correct in assuming that 
you are subsidizing these trips ? 

Dr. Adkinson. We use about $5,000 a year^to subsidize trips of sci- 
entists going to meetings whose subject in scientific information. The 
Foundation subsidizes around 700 to go to scientific meetings. 

Mr. Pucinski. All right. Wbuld you tell the committee what pro- 
visions you have dn the lienee Information Service for providing in- 
dexing and abstracting and translating and other services leading to a 
more effective dissemination of scientific information? You talked 
about translation. What part of your budget goes for translation ? 

Dr. Adkinson. About 10 percent. 

Mr. Pucinski. About a million dollars. 

Dr. Adkinson. Yes. . 

Mr. Pucinski. And this is translation of what, Dr. Adkinson? 

Dr. Adkinson. Translation of scientific and technical materials from 
Russian, Chinese and from Japanese. This translation is done by sci- 
entific societies.’ We furnish funds to them on a deficit basis. In other 
words, we ask them to sell this product and we agree to pick up the 
deficit. A large number of the journals that have been started are self- 
supporting now and we don’t have to support them. W e have started 
additional ones where the societies felt they were necessary. So that in 
total we have stimulated the publication of about 65 translation jour- 
nals. "■ ■■ ''' s ; 
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{Mr. Ptjcinski. What happens to these translations after you get 
them ? Are these translations into English ? 

Dr. Adkinson. Yes. 

Mr. Ptjcinski. What happens after that? 

Dr. Adkinson. They are sold to the people who wish them, to li- 
braries and scientists and research institutions. They are sold overseas. 
A lot of the translations from Russian that is done in the United States 
is purchased in Great Britain, France, and Japan, for the use of the 
scientists there. ... 

Mr. Ptjcinski. How do you decide which materials are to be trans- 
lated? 

Dr. Adkinson. The scientific societies have committees that make 
that selection. We do not. For the Public Law 480 program where we 
have foreign credits, scientists within the Government make that 
selection. 

Mr. Ptjcinski:. You say you translated about 65 documents last year? 

Dr. Adkinson. 65 journals. 

Mr. Ptjcinski. 65 journals at a cost of a million dollars ? 

Dr. Adkinson. I have forgotten how many pages we supported in 
translation in both of our programs, but it is over 100,000. 

Mr. Ptjcinski. Now these 65 journals arid the $1 million, doe 0 
also include the Public Law 480 funds or is this in additi 
Public Law 480 funds ? 

Dr. Adkinson. The Public Law 480 funds would be anotA , hi y 

$000,000. , : j . 

Mr. Ptjcinskt. So you spent, roughly, $2 million on, translating 65 
documents ? . t y : . : : . ‘ ( ‘ • A .{■/.. "■-* v . 1 .. - , ;• ; : ‘ - : • . 

Dr. Adkinson". No ; I said they were: journals that were translated, 
there were a lot of books, that were translated, there were patents that 
were translated, there were abstracts that were translated, there was a 
lot of materials that were translated; ; .1 .? . ■ 

Mr. Ptjcinskt. How many documents do you think: you translated 
last year ? , ?y ; ^ [ \ ; : •’{ /(';;• / < A.A /'*■ *v : 

Dr. A|^kj^son.| I>- cannot ; give you the figure, but I can furnish it 
for /the record.’; j- , ».* v - • = f-v..- ; x d* f *4 ■. 

' .?> ^ab’infiKe 'd&rk. ; • . v ;. . 

Dr.y Arifcj^so^ me look, maybe - I can .get- you a little better 
picture than that by not stabbing. pW.’xy 

Mr. Dtjbester. Mr. Chairman, I think it is important to recognize 
that every translated journal has on the average about eight , articles 
in an, issue. Each joum has about four or- fiye issues each year. 
If uyou. Vmultiply ^the^O^ four issues, and. by j the 65 

j ourrials, you come out rwith a; significant ; number ; of articles; which I 
think • is wh at you mean: by ? documents. It comes to quite a> number of 
hundreds of documents.; The; thing? is true /ini: thei foreign area 

where our best standard criunt ;is. one of pages, because there are many 
different kinds Of materials— some are books, some are articles, some 
are documents* and a common denominator is a page count. Here we 
count in the thousands of pages each year^ iv; ; i ■ ^ ^ 

Actually, this has been a very important way of getting foreign,; 
information to our scientists and on that score we have evidence of 
appreciation of the agencies and the scientific community. 
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We have assisted and are assisting the American Institute of Physics 
right now in their advanced indexing system. We have assisted the 
engineering index in developing a new system that speeded up their 
service by not a few weeks but by months and months. We have helped 
biological abstract to come out with several new services and I could 
go on and mention others. 

Mr. Ptjcinski. Specifically, what was the nature of that help ? 

Dr. Adkinson. Financial help. 

Mr. Ptjcinski. How much ? 

Dr. Adkinson. I can’t give you the exact amount for each one of 
those because I have given you the total for 1 year, the previous year 
for abstracting and indexing we had $400,000, but in 1966 it was 
a million dollars. 

Mr. Ptjcinski. I have a series of other questions, but I would like 
to yield to my colleague at this point, Mr. Bell. 

Mr. Bell. Thank you, Mr. Chairman. 

Mr. Chairman, I regret that I was not present at the beginning and I 
don’t know yet just how I feel about this bill. I have an open mind on it. 
But did Dr. Seaborg endorse this bill ? 

Mr. Ptjcinski. Well, Dr. Seaborg’s statement is here. He does not 
endorse the hill. He said, “In conclusion, Mr. Chairman, I would like to 
state my opinion that the pending bill is on sound ground in calling for 
cooperative efforts.” 

Mr. Bell. He endorses the philosophy of it. 

Mr. Ptjcinski. Dr. Seaborg’s testimony was that he showed us, rather 
than addr himself to the bill, the problems that exist and the vari- 
ous thhi^b , t have to be done before we could effectively get into an 
information stem like this. 

Mr. Bell. x would like to ask Dr. Adkinson something. In summary, 
why are you opposed to this bill ? 

Dr. AdkInson; The National Science Foundation and the Bureau of 
the Budget’s position is that we have all the authority that is necessary, 
legal authority, at the present time to do the things that are necessary 
under the act. It doesn’t extend the authority, it emphasizes certain par- 
ticular things and so the Foundation’s position and the Bureau of the 
Budget’s position is that it isn’t necessary. I think I am stating them 
correctly. Legal counsel can correct me. >. < 

Mr. Beix. You have that authority to do this? 

Dr. Adkinson. Yes. 

Mr. Bell. Have you been working in the direction of doing this ? 

Dr. Adkinson. Yes, with the resources we have. 

Mr. Bell! Do you think it is possible to achieve the requests of this 
■biii? ! _ Ax;: 

Dr. Adkinson. A think it will be po^ible but it is an evolutionary 
process that will tafea long time, severabyears. 

Mr. Bell. Let me ask you another type* of question, Doctor. Do you 
Liink the scientists, Lie American scientists, actually have time to take 
a lot of trips ? 

Dr. ApfeiNSON. It.nnk it is— — - ... . 

Mr. Bell. Unnecessary trips ? : . !; ,■ \ •-* 

Dr. Adkinson. You have changed the question. 

Mr. Bell. Questionable trips, put it that way. 
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Dr. Adkinson. I would like to put it this way, Mr. Bell, that scientists 
need to travel to other countries where good research is going on ana 
to discuss what their counterparts are doing in other countries, so there 
is a necessity for that travel for that purpose; also, to go to meetings 
where they can exchange advanced ideas, where scientists from severa 
countries meet. These trips have accrued to the advantage o± U.o. 

SC1 Mr. 1 Bnnn. The principle, as I understand it, of both this bill, which 
the chairman espouses, and of what you were all driving for basically 
is to try to develop a central knowledge of the problems that exist in- 
science throughout the world, so that they can be analyzed and di- 
gested. Having scientists travel to attend scientific meetings where 
such problems are discussed, seems basically a move in the direction 
of accomplishing the very thing that the chairman wants to see 

Dr. Abkinson. It is one of the things and one of the things that Dr. 
Seaborg mentioned, it is one of the mechanisms 

Mr. Bebb. And don’t misunderstand me, Mr. Chairman, I am not 
taking issue with you on this. . . 

Mr. Pttcinski. Will you yield at this point . 

Mr. Bebb. Yes. . _ 

Mr. PucmsKi. I would be the last man in the world to ever deny 
a scientist a trip : of course they are necessary. I think trips are neces- 
sary for Members of the Congress, I think they are necessary for 
scholars, I think they are necessary for scientists. And it the JNationai 
Science Foundation wants to fund or assist these scientists m tneir 
travels, I am all for it. I think that the exchange of id ea^ is /the very 
lifeblood of our scientific community. 

The poiiit that I made here, if my colleague will bear with me, was 
that it is not the function of the Science Information Service, as its 
functions are spelled out rather concisely and clearly in section 901. 
Mr. Bebb. Is it the function of the National Science Foundation * 
Mr. PtJCiNSKi. Yes ; of course it is. This whole discussion is now 
academic because apparently we misunderstood each other. If I un- 
derstand the witness now, Office of Science Information Service really 
didn’t support any, extensive trips. I think he said 11 scientists at a 
cost of some $5,000 or something like that and I presume it wasm con- 
nection with some of the duties spelled out in section 901. We had. 
originally understood the witness to say that the Science Information 
Service had funded some70(h ; _ . 

Mr. Bebb. That was the N ational Science Foundation. ■ 

Mrz, BxjcinIski. You see $he Science Information Service is an ad- 
iusadc,, ®n agency of the N^ional Scieaiee Foundation. And I stress 
hereldiat I have no critic isn of the National Science Foundation send- 
ing allithe scientists they w ^ wherever they think they can be of any 
■ ^ t untry or their profession. 

. t apparently came up f rom a misunder- 
•e Information Service, we tiaoisght, was 
iuiiuuik > and I merely made the poinrt that that 

wasJiotihe function of SIS. It is the function of the National Science 

Foundation. >.,• k-.-.-- ■' j, 

Mr. Bebb. You are splitting this on the basis of my qrostion a tew 



value to themselves or then 
But the discussion on ter 
standing in that the , Scie 
funding these various tfcri 
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moments ago as to whether or not the Science Information Service 
should do it or whether the National Science Foundation should do it. 

Mr. PtrcmsKi. Yes. 

Mr. Bell. Now, the witness, as I understand it, was speaking for 
the National Science Foundation when he made that comment. He 
wasn’t speaking for the information organization. 

Mr. Pttcinski. We have no quarrel with the National Science Foun- 
dation sending scientists. We would be very critical if the Science 
Information Service were depleting its very limited funds spelled out 
for specific purposes in section 901. If SIS were using these funds for 
these trips, then I must say I would be very, very critical. 

Mr. Bell. Would y ora care to comment on that ? 

Dr. At>kinson. May! add one thing? 

If you will turn to section 903 of NDFA, title 9, it says, “In carrying 
out its functions under this -title,” that is title 9, “the National Science 
Foundation shall have the same power and authority it has under 
the National Science Foundation Act of 1950 to carry out its functions 
under that act.” 

In other words, it also gives the Foundation and the Office of Science 
Inf ormation the authority of the whole Foundation. 

Mr. Bell. So you were actually speaking for the National Science 
Foundation as a total organization. So you have no quarrel at all. 

Mr. Adkinson. I have ho quarrel at all with the question. It was a 
misunderstanding. s r '•-> ’ 

Mr. Bell. All I am trying to do is clear that up. 

Mr. Ptjcinski. I think that we ought to have clear in this record 
•the relationship of the Science Information Service with the National 
Science Foundation. I don’t know, Mr. Adkinson^ whether you have 
been authorized by the Chairman of the National Science Foundation 
tbspejakfor.^ ; . 

Mr. Adkinson. Ihave, sir. ; ' / ; ' ' ■ «' : • ' ' ■ 

Mr. Ptjcmski. You are, as far as I know, a satellite of the Science 
Foundation. The N ational Science Foundation has ' many agencies 
and you are subordinate to the National Science Foundation. You 
arean agency df the Na Sffiehce Fotmdati ■ v ; 

Snp T don't seb where calling our attention to 903 in any way alters 
your -position. Y our function as : the Science Tnf ormation Service is 
specifically and categorically spelled out in section : 901, You do not 
haveiSie broad functions of the-NatiLorial Sciehce Foundation and the 
language is very clear in the bill. And I think record shoul d show it. 

Pf tfee National Science Foundation wants to send scientists all over 
the ynrrhL fine, I am for it. X support it! I thiilk they : oiight to do it. 
I tfemk^nt^ielps the interchange and exchange of iriforination ‘ : 

'Hut X * ant to address myselfthrsafternbonto your functions as 
thebnireomr of the Science Information Service and toj your functions 
as speileb* out in the section 901. I arri not interested at this point in 
what line National Science Foundation,' itself, is' doingl We will have 
ampfenppgortunity for that testimony ?at some later date; 1 ' \ 

I^fillamtlnuetoy ieH W fidm Califom ; : 

•• Let Mr. Adkinson answer. v; 

Dr. Adkxnson. I >vould rather turn that over to my legal counsel. 

Mr. 3f AEcn mNG: The Science Information 1 Service is an integral 
part:o±the National Science Foundation. Dr. Adkinson and his Service 
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derive their authority just as much from section 3 (a) 3 of the National 
Science Foundation Act as from the National Defense Education Act. 
And if the National Science Foundation had acted m 1957 when Ur. 
Adkinson arrived, it could have set up the Science Inforcnation Service 
in much the same form as it is set up now and it could have performed 

precisely the same functions as it is performing now. __ 

When I say “now,” I also mean for the foreseeable future. This does 
not mean, however, that if the Science Information Service were to. go 
off and embark on a really large-scale program of subsidizing a na- 
tional information system, and so forth, that additional legislation 
would not be desirable. Because, after all, the Science Foundatmn has 
been set up to support basic research and education in the sciences. 
Today the Foundation’s authority has been expanded to include ap- 
plied research, but generally the mission of the Foundation remains 
fairly set and we consider Science Information as an integral part of 

that mission. , ,, , l 

Mr. PtJcmsKi. Just for the point of clarification here so that we know 

what we are talking about. 

Now, the present law reads, section 901: 

The National Science Foundation ■shall establish a Science Information Service. 
The Foundation, through such service, shall, one, provide or arrange for the 
provision of indexring and abstracting and other services leading to a more effective 
dissemination of scientific information ; and, two, undertake programs to develop 
new or, improved methods, including mechanized systems for making scientific 
inf ormation available. ' X : ! 

Now, the bill before us reads, we would provide here, to amend by 
striking out the words “a Science Inf Oimation Service, ’’ and including 
in that place the words, “a National Science Research Data Processing 
and Information Retrieval System.” So that the bill would now read, 
assuming it were adopted, “the National Science Foundation shall 
establish a National Science Research Data Processing and Informa- 



tion Retrieval System.” ^ * 

N ow, I merely want the record to be clear as to the relationship of 
the Science IuSbr matSon Service to the National Science Foundation 
and the relationship of tlie proposed. N aticmal Science Research Data 

Proce^ing andTnfoonation Retrieval System. . -,y 

This legislation spells out more precisely what an Information 
Retrieval System would do and what it would not do so that we c onid 
give greater meaning to what^ou , people should have l>een doingr^aor 
the last 11 yearstandJiave beemdoing only in a token form. That is tine 

only pointT 'Xv'^ S; ’ 1 . X, 'U - «;■■/* ■ i""\ 

Mr.; DEnhENBACk; Tf I may make a brief comment on this pointy 
I think we are oyer into technicalities that may or may not be iim- 
portant. Biut if I may speak 5or ; just a moment to the technicaliLy. 
Unless you follow the concept, Mr. Chairman, to 
exclude all else, I don’t read those sentences that you haye talked to * as 
to the' author ity ; of the Science Information Service in any wav block- 
ing the basic authority of- the National Science Foundation to donrnre 
through the Information Sery ice thap merely those couple of- poipte 
if it makes the policy decision within its broad scope of authority which 
is elsewhere in the language to do other tiling. It merely places upon 
it a mandate ? ; ; ■: ; V ■ ; ", : ■ 5 !/•?■ : , j > 
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Now, if the National Science Foundation, of which the Science 
Information Service is one subdivision, is meeting the statutory re- 
quirements that we have set out as to what that office of Science Infor- 
mation shall do, and if the National Science Foundation, the parent 
organization, wants to do other things through that instrumentality, 
it may look elsewhere in its authority and find it has the statutory 
authority to do those things and proceed to use the Office of Science 
Information Service to do those very things. 

So unless we are splitting hairs, I think we are off on a tangent 
whereas the real fundamental question is the type of thing which 
basically Dr. Adkinson’s testimony directs itself and Dr. Seaborg’s 
testimony directs itself. I think everybody agrees on this ; you agree 
on this; Mr. Bell agrees on this; Dr. Adkinson agrees on this; Dr. 
Seaborg agrees; and I agree on this. 

And I assume that since all of this is under the authority of the 
Board of the National Science Foundation, which includes some of 
the leading scientists of this Nation, and they have authorized these 
instrumentalities to do what they are expected to do, I assume they 
agree that what we are talking about is a very necessary gathering of 
information together, putting it in usable form and then proceeding 
to make it broadly available. 

We are not quarreling, I don’t think, with that basic underlying 
premise. That is exactly what Dr. Seaborg testified to and that is 
exactly what Dr. Adkinson testified to. This is what your bill seeks 
to do* Mr. Chairman, and this is what every man on this couiinittU) 
who has made comment this morning agrees ought to be done. 

Aim I speaking correctly, Dr. Adkinson, as to the impact of your 
testimony on this ? 

Dr. Adkinson. Yes ; that is correct. 

Mr. PrrciNSKi. If tny colleague would yield. I haveino quarrel with 
anything that my colleague has said. 

Mr. DEimENBACK. I think the record ought to be clear on that partic- 
ular. I don’t think we ought to leave the witsaaess with the misappre- 
hension that we are trying to tear him apart or quarrel with him on 
what he said, nor should the record be left with that Implication. 

Xf you agree with what: I have said, then J think that is the base 
fronn which we start and then let’s go on f roan there to other things 
that we may talk about. 

Mr ,.2PtrciNSKi. If the gentleman will yield. 

I do nobquarrel nor do I question anything that the gentleman has 
said in trying to put this in perspective. But I do have a serious dis- 
agreement with the witness’ testimony when, cm behalf of the Bureau 
or the Budget, he comes in here and says that hmdoes not believe that 
this legislation is desirable or necessary. 

The only reason why we introduced H.K. 8809 and the reason why 
this legislation is before us is because witness softer witness has been 
before: this committee, including the mast recent witness, Dr. Seaborg, 
and told Jus of the enormity of the problem that confronts the scientific 
community of this country. Yet even though the Science Information 
Service Has; and has had since the passage of this legislation in 1957, 
I believe; has had the authority to start addressing itself to the prob- 
lems that witness after witness has described before this committee, 
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and that I have described. The record is very clear that whatever the 
Science Information Service has been doing up to now has been mere 
tokenism. The best proof of that is that they are only spending a mil- 
lion dollars on translation, $1,6-00,000 on abstracting and indexing, 
when the testimony of Dr, Seaborg showed the enormity of the 
challenge. 

When I introduced H.R. 8809 it was merely to amplify the provi- 
sions of section 901. This is why this is an amendment to 901. 

I said earlier this morning that after listening to the testimony of 
witnesses, I have some serious doubt now whether the Science Infor- 
mation Service is capable of taking on these jobs. A national scientific 
and technical information system is such a vast undertaking that I 
not too sure that we shouldn’t really repeal 901 and turn the 
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responsibility over to NASA or some agency capable of doing the job. 
The Science Information Service for 10 years now has made nothing 
more than a token effort. Six years ago Dr. Adkinson was before this 
committee and he heard the witnesses then — and the record is available 
to him— —eminent scientists who spoke out that SIS is not doing the 
job sufficiently. I have heard in this testimony presented by Dr. Adkin- 
son no great, startling progress made in the last 6 years to address his 
office to this problem. The same snail’s pace that they used in the first 
4 years of their existence they are using now, 

,Ajid so, if my colleague will bear with me. what H.IL. 8809 attempts 
to do is to bring this agency into tune with tne needs of ithe times. And 
all I see here in the statement by Dr. Adkinson today is a lot of plati- 
tudes that haven’t moved us an inch forward in dealing with the prob- 
lems that are before the country. ; - ' 

Mr. Dellenback. I think it is important that we clearly distinguish 
between two different things as we make comment on 8809 or on this 
general problem. Now, each one of us on the committee is entitled to 
his own opinion and is subject to analysis as to whether enough has 
been done and whether we ought to modify it. But I think we ought 
not to inter weave this too far as if they were made of the same fabric, 
the question of what Dr. Seaborg saicL, of what Dr. Adkinson said, 
of what other witnesses have said, and by tying them together in the 
same phrase and sentence, make them sound like they were the same 
thing.* ; •••’ - 

Dr. Seaborg has clearly alluded to the immensity of the problem 
that is before us. Dr. Adkinson’s testimony clearly alluded to the im- 
menshy of the problem that is before us. Dr; Seaborg does not go 
beyond the general concept of the immensity of the problem, the need 
to do a .very great many things and approving of the basic concept of 
’ ’ J l - - ^ - 1 — • - ^ -yrative efforts rather than a more 



doing this thing on a basis of cooperative e 
centralized system. He, as you pointed out in your prior remarks, does 
not specifically back tMs particular bill, nor do I specifically back it 
or attack it, but let } 3 be sure what Dr. Seaborg said. 



Now, let’s go on to Dr. Adkinson; { He has, I 
miparison between the situation that existed so 



think, made a good 

comparison between tne situation tnat existed some 6 years ago and 
that which exists now. )He has commented about what has been done 
during this time— and I keep in the back of my mind thinking in 
terms of the fact that this is a part of the National Science Foundation 
and if we are attacking this we are saying something very significant 
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about the National Science Foundation and its Board. You are either 
saying it is disregarding and it is itself proving inadequate to deal 
with this problem which is essentially a scientific problem. The chair- 
man has said that the scientists who are on this Board and citizenry on 
this Board have failed to police themselves and establish themselves 
the system which they want, when that is what the chairman and 
others said that the scientists ought to themselves say what they want 
instead of our attempting to control it with an overall system ; or else 
we are saying that we don’t know what they want and we ought to 
move in and tell them and if we have to, let’s take it away from them 
and put it somewhere else. Maybe we should. X am not commenting 
on that. 

But I think the chairman’s comment or any other comment or 
opinion on our part ought to be clearly divorced on the scientific 
testimony of the experts w o have said a great many things about 
mtion and the progre^ hat has bee ti made. 

.low, let me shift to f= o abject remarks. X don’t think there 

has beer only token progress. X don’t read any of the testimony of 
Dr. Aikicison as saying that all that has happened over the past 6 years 
is a snail’s pace progress and token advance. I was struck by one of 
the points that is extremely significant and this comes out of Dr. 
Seaborg’s testimony too; namely, that the state of the art has not yet 
reached the point of perfection. We are learning. We know a good 
deal more today than we knew 6 years ago. We know a great deal more 
than we knew lief ore that. : 

Now,; Dr. Adkinson, do you think the state of the art has reached 
perfection so that we can put it in a form thiffi^will serve indefinitely 
what needs to be done in this field ? 

Dr. Adkinson. There are two aspects to tfcwstT would like to speak 
to. There is, first, as we say in our trade, theln^tttiwaire, the computers, 
the microforms, the ability to transmit meters; over lines— 

Mr. Dellenback. Xf I may break in for ^usk, a -second, the state of 
the hardware? today is infinitely advanced orairvrfiat it was 6 years 
ago ? , ; > , ■ I ,i * >Y. ; . i , ■ r > •_ . : -w --o':!/' r-y .. » • \ , ; : . m ^ f ... . 

: . { fDr. AdKINSONS Yes. ; • m , s 1 ; • ; ; ; , • A- ; .• 1 * , • 

; Mr. Dellenback. And Had we produced itaae rsystem 6 years ago 
we would have had to modify it very extensively^ today to bring it 
up to the present state of the art ; am X correct ? ; : ,j. ; ; / , ■ 

/ Dr, Al>KINSON;:YeS; r *■ r\! • 

Mr. Dellenback." Go ahead with what: yean: were saying, ■{> 

:* Dr. Adkinson. On the ^hardware side of vifcisaday, there are places 
; where the -state of the art is not far: enough ;:Xt is handicapping us. 
But in general, on the soft hardware side, we are not using the full 
capabilities ! of * the ComputerLand the otheir technological innovations 
that have come down the road- in the! last ft yeaars. ^ r r ; 

In other words, our intellectual ability ; to organize these large files 
which are^a;^^^henompnoriin computers has Jagged., As you heard 
today, the. compound registry has a (million compounds in it.y Y ou can 
search that by every t atomjin: the computer- It took us several years 
to learn to do, this, and we are, adding several tfe&UEand every week and 
we estimate that before we get through in aaett^ryaBar or two or three 
we ; wUl .have : 3 million compounds in our ffi^iM^ OT all the literature 
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and we will be able to take a look at the fantastic progress that has hap- 

thl S software where we have a lot of work to do. The hardware 
we haverrt learned to use in all of its capability. . • r. 

Mr. Dellenback. You made the other point in your testmony which 
I thought was very significant that when you have once started on a 
system, that is at a given level of the state of the art, if you ™ a , , 

radical change to another system it becomes necessary to keep both 
svstems going for a period of time, thus increasing markedly the 
expense ff wLt mustbe done. And until you have the new system 
fully operative and can transfer from the old system into the^new 
system, you must both move forward in the actual system and f y 
fund the other. 

Dr. Adkinson. That is correct. . , fl , 

Mr. Deleenback. And if that new system is not really the final 
word, all it is is a weighing station which is going to multiply expenses 
and duplicate expenses because when we are ready to move on to the 
next system we must go through that system. 

Mr. Petcinski. May I make a point .- ' _ 

Mr. Dellenback. Let me make this point ; if I may. . . , 

If that is in truth the case then one of the svgnificant points that 
I think you have made is the comment on the present state of the 
art and the comment, that the advance is still sc slow that we ought 
not to precipitously jump in over our heads unless ws have pie y 
well determined the future course of the things that have arrived 



^Do incorrectly reflect your thinking in this rega rd? , 

Dr. Adkinson. Let me respond to that with an illustration. I think 

this can illustrate the problem, a _ i . 

Mr. Delijenback. Which will reflect general concurrence with what 

I say or disapproval ? . . 

Dr. Adkinson. I think it will: clarify it also. 

Mr. Deeeenback. But approval rather than disapproval. We are 
building.' the record and I would like to know whether I am correct 
or incorrect. ’ , , ;f : v . j ( 1 y . : t - . ; ; ! . • ; -> • •;> ' .< • - • : Vv 

• Dr. : •Adkinsonv-.. You .are. 'correct. :-;'y. r \ mvV >• ; r- ■ y. : ,- C • * 

Now, letYme illustrate and I mil use a Government service. It, is 
known as Medlars. It is the indexing computerized system of the Na- 
tional Library of Medicine. They started . operating that ■ system in 
1961. It has many handicaps but it was an i^ovation,tr<miendous in- 
novation in 1961. They are, right noiy in • the process^ of 

several millions of dollars, of building a new system, of updating that, 
old system of 1961. Because of the innovations coming ’along, and hav- 
ing to rebuild another system, they have gone outside and got CQm- 
p«fehce outside to design this system and now they are acquiring it 
through tlie several million.' Arid I .arii sure that, the Ameraian Chemi- 
cal' Society now wants to.jise that; system they are tmilding today. ■: 
MrlPnciNSKi^ After, all of this conversation, assuming that we were 
to accept the stateineht, made by the witness, then ; we would really have 
to discredit the testimony? of Dr. Seaborg, because on page 5 he says: 

• it 1«’ Also necessary to. make sure that these systenis continue, to bo aided in- 

n^imal.syst^i ttat jnay • 

example of such a aystem I might point orut the American Chem ical Society a 
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Chemical Abstracts Service. Tirs computer-based registry, begun in 1960, has 
already registered more than one million chemical coon pounds and continues to 
add them at a rate of 4000 to 5000 per week. It already works closely with 
such gov'ernment organizations as the National Science Foundation, the Na- 
tional Library of Medicine and the Food and Drug Administration. 



Dr. Seaborg points out, and I congratulate the American Chemical 
Society for not waiting, the whole story of American technology is 
progress. I think that the problem -here, Mr. Witness— and we will take 
this up in the afternoon session — is that while organizations like Med- 
lars and the American Chemical Society have been moving forward 
making the best use of the equipment available, your own organiza- 
tion has been sitting around waiting for utopia. 

Now, we are going to stand in recess until 1 :30. 

Dr. Adkinson. May I respond ? 

Mr. Puciski. You will be the first one to respond when we come 
back ait 1 :30. 



(Whereupon, at 12 :30 p.m., the subcommittee recessed to reconvene 
at 1 :30 p.m. the same afternoon.) 



afternoon session 

Mr. Pucinski. The meeting will come to order. 

Dr. Adkinson, when we recessed for the lunch hour, you were about 
to respond to a statement that I had made quoting Dr. Seaborg’s 
statement today that the American Chemical Society Chemical Ab- 
stract Service has a computer-based registry which it has been oper- 
ating since 1 960 and has already registered more than one million 
r^ e ™ lcal com P°unds and continues to add them at a rate of 4,000 to 
5,000 per week. 

Medlars is continuing to operate. There are other scientific com- 
munities that have gone into information retrieval through the use 
of computers. The whole story of American technology has been 
changing capabilities. If we were to take the position that we can 
not move forward because tomorrow there will he a better idea, then 
this country would come to a grinding halt. Progress would end.- 
• 1 agree with your statement. Obviously by citing the Amer- 

ican Ghernica] Society’s successful program, Dr. Seaborg does not 
agree with your statement. You wanted to comment on that, so please 



V r - Adkinson. There were two points that I wanted to make. 

One was that T think my statement as I made it may have been 
misunderstood. .First . of all, the chemical registry system that was 
mentioned by Dr. Seaborg is one in, which the National Science 
foundation has been heavily involved, blit that is only one component 
of a large system that thev are developing there and I thought that 
you ' v °uld be interested in knowing that last yea.r, 1968, in the system’s 
aud improvement, my office supported over $4 million 
worth of development in that field leading toward an improved chemi- 
. information system and for developing new systems in many dis- 
ciplines; physics, mathematics, psychology, the social sicences, and 
engineering^ . ; • A-' .... • : 9 

During that same year we spent over $8 million in assisting the 
societies to develop new and improved systems. There is not a major 
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abstract indexing service in the societies that do not have computers 
and that we have not helped to get them. 

I .wanted to make that clear. 

Mr. Pucinskj:. Hew do you reconcile the statement that you a ^ e 
making now with your reply to Mr. Dellenback when he asked you if 
we had proceeded with the establishment of a national system in 1960 
or 1963, you would today have to completely revamp it because of new 
technology. ^ . 

Dr. Adkinson. I think that statement is not at variance with what 
w?- are talking about, because 5 or 7 years from now the systems we are 
developing will have to be revamped again. 

Mr. Pucinskj:. But you are developing them anyhow ? 

Dr. Adkinson. Because of new technology, but we are developing 
them. You just cannot wait for the ultimate. 

Mr. Pucinski. There appears to be a conflict in your statement. On 
the one hand you say we should not ha ve proceeded 6 years ago because 
we would have been financing an obsolete system. But on the other 
hand you say we are doing it anyway. We are spending $4 million on 
development and purchase of equipment. 

Which is correct? Is it your idea to move forward with whatever 
equipment we have at this point in time, or is it your idea to just do 
anything until we reach a stage of technical perfection? . 

Dr. Adkinson. Mr. Chairman, I think that when I said if we had 
moved in 1961, you must remember the state of the computer and the 
other devices were not as sophisticated as they are today and we can 
do a great many more things with our present hardware and software, 
and it makes a great deal of sense to push it today, where in 1961, we 
could do very little with it in the form of automation. 

We did support experiments in 1961 with the computer. 

Mr. Pucinski. Suppose NASA took that attitude in 1961. Do you 
think we .would have a man reaching for the moon today, if they 
decided they were not going to go into any kind of computer technology 
in 1961 because we were going to make great strides in ensuing years 4 
We just installed a multimillion dollar computer system m our 
Revenue Service. Now, should we have told the Revenue Service not 
to put that equipment m because better equipment will be developed s 
' This Congress has authorized substantial i computer investments in 
the Government! Should we have adopted your philosophy, Donx 
do it because better equipment will be developed” ? . - 

Dr. Adkinson. il will restate it. I do not think we are at variance at 
all. I am saying that we definitely are suppling the development of 
new systems, based on the present knowledge and what we see coming 
down the road at the present time. In 1961, however, to try do have 
developed a national system based on computers at the state of develop- 
ment they were then, we would have been in trouble. .. 

Mr. Pucinski. Did you spend' any money m 1961 m helping these 
scientific societies buy any computers ? ; V 

Dr. Adkinson. No, but we spent money experimenting^with com- 
puters, in indexing, in translation, computational linguistics ana a 
lot of otlfererio learn i what they 'rouMahd . _ 

Mr.' Pucinski. Ini other words, what you are say mg is you do not 
stop simply because you do not reach perfection. You move and work 
with what you have, and adapt to changes as they occur. 
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Hr. Adkinson. That is correct. 

Mi. Pugin ski. Then how can you reconcile that conclusion with 
your statement that you do not believe a national system is desirable 
at the present? You say that constraints imposed by such a formal 
system might well inhibit rather than assist the productive evolution 
of these services. 

How does this particular technical strait j acket that you profess 
in that statement subscribe to what you have said on three different 
occasions about working with what is available ? 

Dr. Adkinson. I think that my remark on page 15 is addressed to 
a formal legislative system. I do not think it says that we are not sup- 
posed to go ahead and work toward a national system. And I men- 
tioned in my testimony several times where we will interconnect things 
like chemical abstracts with other systems and we are helping to pay 
for experiments to do that now. - • , . v ; ; . . ■ • ■ ; 

Mr. Ptjoinski. On page 21 you say, U I hope my remarks have re- 
flected the belief that it would be neither practical nor desirable to 
centrally direct or manage our national array of information serv- 
ices.” Of course I agree with that. ^ ; 

You then go on to say, “Nor does it appear desirable at present to 
establish by legislation a formal national system. The constraints im- 
posed by such ; a formal system might well inhibit rather than assist 
a productive eyolution of these services.” Now, what does that mean, in 
light of what you have just told the committee regarding the necessity 
to work ydth the material? that you have in ; hand and then adjust your- 
self as you move ahead: to new, and improved; technologies. 

. i? . Dr. , Adkinson. I .think the ;i 'two sentences > that . you read there are 
addressing themselves only to the legislation. They are not addressing 
themselves tp, the ’teclmi^l dey el opment ^ to legisla- 

tion-^-it says by legislation^for a f ormal national system ; : i 

And that is all it is addressing itself to.. I think that you and I both 
agree that; we, ha ve to, work toward making better systems and oonnect- 
■ ing- these ai^e r^^j^ ye cap. ;■ / -J:V. ^ jT- ■ ■■ 

r; Mr. Ptjginski. Xm.not sure that we , do, Mr. Adkinson. I know I 
believe that. I hayebeliey^^ in it since J introduced tliis legislation . I 
have beUeved in it very feryently for many years because testimony has 
been ^overwhelming concept. But I aiii nd; too sure 

that, based pn the ^recor d thatvwe have seen in SIS ^ you people 

particularly agree; ^aiv ^h^ipnab system • is^ desirable, - V ’ ,’y: v > y 
? v You have sppntaira^ on translation and yoi^ have gpent 

$1,^0, O^on,^ • • did 

.sj^nd^^ systems, iif.anyffim \g i> our 

st atement tod ay that Wpul dlead nieto.heliey eth at you are even k /iug 
fprward in the 'directiph bf aAu^ al system. , o, 

You spent $ri } millioh pn mdny worth wlule py^ ; l am sure, but 

I hav^ anythuig .in ^y ^b^men^ jthat, ^ould indicate, the 

ultimate goal within the f ramework of the law that you operate under. 
I r must j say if/, section 901 were administered by , people who see the 
great oppp^uniti r the national i nf orm ation svstem , 

I would say that we do not need jH.tt. 8i^ H.R. 

8809, and I would; be, the -first ;; pne to p ay we ^ 

. ^ i>: Y ■ - / ^ k'ss ^ - ^ ' vt; 

• To ki'.i'i* ■■ mi ri 
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H.R. 8809 is the result of testimony and conclusions that the lan- 
guage incorporated in the present bill is permissive. It does not direct 
you to establish a system. It merely says that you shall do certain 
things to improve the dissemination of science information. 

Based on me record, with all due respect, I do not see your agency 
moving in that direction. Therefore I must respectfully disagree with 
you and the Bureau of the Budget that this legislation is not neces- 
sary. I am convinced that the only way we are going to get this coun- 
try progressing in a meaningful direction is for the Congress to clearly 
spell out its intentions. ; . v 

I said earlier that perhaps I was wrong in suggesting that we try 
to have the Office of Science Information Services do this. It is quite 
apparent to me from testimony before this committee that you do not 
quite realize the scope of the assignment. I do not think you quite real- 
ize the magnitude of the problem. The best proof of that is that we 
have been at this business now for 6 years and I have seen nothing in 
your agency that has changed to indicate that you want to move toward 
a national system. • . . . 

With all due respect to my colleague, I thank your testimony is 
nothing more than tokenism. I don r t believe this even begins to meet 
the needs and the problems of the scientific community. It had been 
my hope that with H.R. 8809 we would give you the tools that you need 
to move in that: direction. : Obviously, you do not want those tools. 
You! feel that you have enough legislation, enough authority in section 
901 now and you can proceed in the manner you have for the last 10 

years. . rr'v : f v : ’ - A . • 

-■vI must respectfully ^ say this is not enough for the needs of America 
going into the decade of the 1970’s. That is mv ijudgment. Perhaps my 
colleagues do not agree with me. Every Member in this Congress uses 
his own judguient^ They are entitled to their own judgment, and you 
as a witness are entitled to your own j udgment. % \ 

l am respecting your judgment, even though I disagree with you. ; ; 
Dr. Adkinson. Over 60 percent, of our ^ funds in the past 2 years 

have gqiie viorC -systems; development .and improvement ^ 

40 for the sUppoi^v of j the : routuie ahst^ • 1S 1S 

a markedVchange from 1964 when we had - practically nothing in sys- 
tems 'development - and; improyem^it ;^T^ctically no f u rids There .jpas. 
been , a reprograming ^to push the deveiopmerit of - these large systems 
like chemical abstracts, biolo^cal system^ engineering system, et cetera. 

: There Has :beeii ; a a 

stronger emphasis each year on develpping these big systems and sup- 
porting those activities thatyhelp • to interconnect them sis 
developed. This is our thrust and it - wing. feel ar^^qiM w 
a good j ob.v I would agree with y ou *' aid do u &reat. deal morg if 

funds; wereja^aU ‘ •- | v- - 

Mr. I%biKSKi. How much help have you given to chemical societies, 

chemical ahstf act -y , -> : V ? L ' v ‘ ■ ^ 

Dr- AhraksoN. To the: American Chemical Society— from the i*ov- 
ernmentr^aiid "we are; the largest, share of it— over $9 million in the 
la^ 4 years. ‘ \ : \ ' ' . . . f 

:; Mr. : ®gcm 8 Ki. To dowhat ? : ‘ i ■ - '"-XV* ' 4 r 'i 

Dr. Adkiksok. ? Deyelop this system - that , Dr. , Seaborg ,was talking 
about this morning. .oV? v:r .• 
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Pttcinskj:. This system that is now being developed is being 
loped with substantial aid from the Federal Government? 

lijyKJN son. Yes, sir ; large sums of money — most of it from the 
NiM.tu 1 Science Foundation. 

i ucistskx And the other systems that you are funding are also 
ck d eloped with Federal funds? 

i Kiyrsoyr. Th at is correct; in physics, psychology. 

M f ?trciNSKl. What is your objection to taking these systems to- 
f**'*^ J \ a single coaxial cable so there can be some inbreeding and 
c seeding of scientific knowledge ? 

Iedkikson. No objection. 

Pucinski. Who says only a chemical scientist shall have avail- 
j him the information being generated by the chemical abstracts 
&*>.. We have heard extensive testimony over the years and one 

of t things that the scientists have asked for most frequently is a 
err eeding of scientific knowledge, in order that they could reach 
irfr xhier disciplines and learn if those other disciplines offer assist- 
an their own research. Why then do you come before the com- 
mr -o and say you do not believe that tying all this together is 

pvv ^loniNsoisr. I did not understand that I had said that, sir. 

It l?trciNSKX. You say right here “Nos* does it appear desirable 
att Tent to establish by legislation a formal national system. Con- 
sttrshqfcs imposed by such a formal system might well inhibit rather 
#mi9b the productive evolution of these services.” 

Federal Government is now spending as much money as you 
#e are — I have no reason to question what you are saying, we 
lit oabiy are— what is then wrong in going the next step and provid- 
^ e fa cility, some communications network to tie all these to- 
grr*'- er? Where is this going to inhibit or impose constraints and 
iiiiipnfc rather than assist the productive evolution of these services? 
Yxm. are a ttem pting it now,- and you are spending taxpayers’ money 
oar it now . Why thenricari’t we tie it together ? • 1 

Dr. Adkinson. First of all,' w© are making a strong effort to experi- 
ment with tying these together, the American Chemical Society sys- 
tems with systems on university campuses. I spoke about the inter- 
action between the British and American Chemical Society. The Na- 
tional Library of Medicine system is depending on the chemical 
societies system now and we fostered that. • : ; ; . r • 

There are" interconnections. We are encouraging the interconnec- 
tions so you will have a network of systems. 1 ' • V 

The sentences in my; statement that you are referring to only refer 
to the legislfiitibhi^V r &*}.:' ' - •: ; ^ • ,r ’ H;. v v . v> ’ ?; '}*-}; <■ / ; « - *■ r' ■ ' 

T *’ • FrrciNSKi. What is wrong with the legislation ? What does this 
on do that is so obnoxious that you would recommend against 

ST. . AdkInson. The position of the National Science Fundation is 
that the legislation is not necessary, that we can do everything that is 
necessary under the present legislation. And that is the position they 
have taken. 

Mr. Puctn-ski. Well, is there anything in the present legislation that 
would 5 prohibit duplication by the Federal Government? 

Dr. Adkinson. No. 






Mr. Pucinski. I LR. 8S©9 would. prohibit such duplication, wouldn’t 
it % 

Dr. Adkxnson.ZZi^-s corrects # , 

Mr. PucinskIv fe‘ It possible tkat the opposition to this legislation 
can be found in the msstrfchat we nnake every- effort to protect the exist- 
ing systems withou t famwing the Crovernmenst impose its judgment on 
these systems ? # ^ 

Dr. Adkinson. there is certainly no intention on the part ox 

the Science Founds onto impose a system becamse our whole thrust 
has been, to support the notdiar-profit groups who are building sys- 
tems. We are not dSefligping s. system. We are helping those who do 
have systems or wfeo wzint to build new ones, so I do not think that 
we want to impose^snother system on them. 

Mr. Pucinski. Obviously, Mr. Adkinson, there are other members 
of the committee who would like to discuss your testimony, and I 
don’t think it wodld be fair to deny them that opportunity. As you 
heard from earlier testimony, the other members do have an intense 
interest in this subject and in your testimony about the legislation. If 
it is agreeable to yual am going to excuse you at this time but we will 
recall you so that the other members of the committee will have an 
opportunity to familiarize themselves with what you are doing and 
what you are not doing. 

I must say, though, that even within the framework of your own 
statement, I am riot too certairi, when I look at the statement of Dr. 
Seaborg and the other testimony before the committee — the need is 
so big and the challenge is so great, that I am no longer sure that you 
have the capability. I don’t mean you personally; I mean your 
agency — within its -present structure — hasn’t the capability to do this 
job. I am not too sure that maybe, the wisest thing might not be to 
phase out SIS and turn this project over to some agency that has the 
capability and would be able to take on this big job. ^ 

It won’t be long now before NASA will have completed its basic 
mission. They are interested in this program. It is entirely possible that 
Congress might very well decide that NASA could be restructured to 
include all the sciences, riot only the air space sciences. 

It is quite clear to me, your testiinony today indicates that your 
shop does not want it. I have never been one to try and impose some- 
thing on anybody. You people don’t want It. I am sure there are 
other people inlthis Government that will be very happy to take it on. 
I think that the Defense Department might be very happy to take 
this on- We have a good beginning there already, arid at Cameron 
Station. Thereiara other agencies that miight be a little: more enthusi- 
astic and migtt be able to see the challenge in a greater perspective. 

With all due respect to the National Science F oundation and to vour 
own simp. I si^gest that we excuse you , at this time. I will be asking 
®3T when the other members are here, because I think it is 
mulv ;iir tro them have an opportunity to discus© this with you. 

'Jfhey may agree with you. They wmy fee im <&ofi&plete agreement 
with yWu. That w what makes the an interesting institution . 

Dr. Adkinson. I will be glad to comeback whenever we can arrange 
tise schedule. . ^ . 

Mr. Pucinski. Thaaak you. very much.. Our next witness is Dr. 
Hiaunoi* Carter wfeo is here from Santa Monica, CaEf. 
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Dr, Carter rs a gradual &£. the University of Washington and 
veeeived his Fh. D, from Brinceton University. From 1955 to the 
pgaEBaatetj he has been vice president and is now genera! manager of 
ptribdc systems assviskoi* Development Corp., in Santa Monica, 

Caffif. 

has responsihdlfc' Sir all of SDC 5 s contracts work m public 
education, library aanSl documentation, health, management systems, 
t dsecommuhie^ioii^* ml oither pro j ects. 

From July :196SE iso he was chief scientist with the U.S. Air 

JrairoE* and servsedl oas seniorr civilian scientific adviser to the Air Force 
C&rer of StaiL-Bs is theiamrthor of countless publications in the field 
ofrpsychology csmnmmnications. 

Dr. Carter, we anff^ery pleased to have you here. You have heard 
^stimony of Ur, Sesfeurg ssad you have heard testimony of Dr. Adkin- 
=^n and I am ausBycnr hav^had a chance to review previous testimony 
i^gfore this committee. X Ikmow you are well aware of the enormous 
opportunity that eoirifron&s our Nation at this point in time. I am 
; host anxious to hear your testimony. Your formal statement will go 
in the record at this ^oint in its entirety and perhaps we could prevail 
xpon you to either saimmarize it or discuss any aspect of it if you 
^sh. On the other hand, if you wish to read the statement that is 
agreeable to me, too. 

STATEMENT OF T.ffiM S P. CARTER, VICE PRESIDENT, SYSTEM 
DEVEXiOHSEEaSTT CORP.y SANTA MONICA CALIF. 

Mr. Carter. Mr. Chairman, in view of your time, it might be better 
31 su mmarized it rasher ?than read it although I would be happy to 
reaiist. : sd \ -y* V--- - t • • : 

Afc. PxrciNSKn Olf^Sie record. y* ' ; ^ 

(Discussion oEthemfcord.) . • . . 

Mr. Carter. ; I willnsead my statement then, sir. 

I thank you for yMri generous introduction. Also I want to point 
out! have had a fsdrramount of experience in the information field 
itself. 1 think you know in 1965 1 was head of the study teams that 
-prepared the reports for- COS ATI , which resulted in major recom- 
mendaisims. ; . -j _/■ — ' y- , 

I haa*e been a member of the Science Information Council of the 
National Science Foundation ; and have j ust recently retired as Chair- 
man of tha t Coumcal. . h 5 .■ *1 •' 

Tn addition Pwas a member of the National Advisory Commission 
on Libraries appointed by President J ohnson. 

... ■ ■ ‘*bi. i; ^ .y J. ; INTRODTT pTlON • ' T .... . . ... r *; \ ^ • •- ; 

ife is particularly pleasing tb testify before this com- 
mitfcee regar dingrlLIR. 8809,At was in 1 963 that Congressman Pucinski 
chaired tfie sgnificant hearings 1 regarding problems of scientific and 
tedfenk&d information transfer. Tho^e hearings, along • with other 
studies, helped set the stage for .a numwr of adyance?'. in this important 

Since 1963 the field of information scienceihas matured JRith .sig- 
nificant progress. Ti^Hterature iii'the field; of information science has 
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expanded to sucli an extent that it is now impossible fenany anne person 
to be familiar with its totality. The growth of the literature fc. this srea 
is illustrated by the fact that my colleague. Dr. Carlos Guaora, editor 
of the Annual Review^!: Diformatiom Science and Tecamoiogy, has in 
preparation the fourtlz volume in as many years summarxzrmg the state 
of the art of information sciences. 

Not only has the science and technology of information transfer 
progressed greatly in the last decade, but there have been significant 
advances in the implementation and development of several important 
science information systems. Perhaps one of the best known is that 
associated with the National Library of Medicine. 

Congress only last year recognized the important work being done 
at the National Libraary of Medicine by establishing the Lister Hill 
Center for Biomedical Communications, which is chartered to develop 
a comprehensive information system in the biological and medical 
sciences. 

Another notable advance of the last few years has been the work of 
the U.S. Office of Education in the establishment of the Educational 
Resources Information System, commonly known as ERIC. 

The National Science Foundation has developed a program for tme 
support of abstracting and indexing services utilizing the publication 
programs of the various professional societies." In the past decade we 
have seen the, establishment of many important science and technical 
information centers. ; 

While there have been notable advances in many separate areas, the 
need continues for an overall plan and agency ^ for coordinating and 
integrating the many diverse and often conflicting ptrograms which 
have grown up: both within the Federal Government, in the profes- 
sional societies, and in the private sector. ^ 

I believe, Mr. Chairman, that you : and your staff are familiar with 
the report my staff and I prepared for CuS ATI and which was pub- 
lished In 1967 by John Wiley & Sons as a book entitled ^atioiml Docu- 
ment-Handling Systems for Science and Declmology^ ;y ■ 

In that book we devote f a number of pages to deserisMiig the various 
national responsibilities; which the Federal GovermnEBS^t should under- 
take, and we also describe the many problems whiclurcse presently con- 
fronting the scientific and technical community, in theaarea of imforma- 
tion transfer. -. * ‘ v ••• - r? /• 

I do not propose to review those problems here except to say that I 
believe they are still in need: of serious attention. Without an integrated 
and coordinated system the various conflicts and incamgaHfeBbilities will 
increase with time and. become more difficult to solve. > . 

Thus, M*r. CliairmaaiL,, it is most appropriate that you should again 
take the lead by sponsoring H.R. 8809 and holding hearings on the 
important subject of a National Science Research Data Processing 
and Information. Retrieval Sfystem. e . -.v. 

U. THERE IS A MTEBD JPXSR A CEBTTRAL AQ3EN CT3T TO INTEGRATE AND* COORUINATE 

Within the Federal Government there is no agency which is speeiB- 
cally charged with responsib ility for integratmg and c^rdinafeig 
Federal policy andactians wRhregurd, tot^ of scientific and 

technical inf ormatiom Many agencies play an ; important role. 
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Tn the E xt g sra fdve nf the President, ^Office of Science and 

Technology amd the' C mnngm te e on Scientific anud Technical Infozrmp-- 
tiorxhave overall co aa^mmsmg responsibility. At:* best “they can serve a 
limited function sincse mshr mne car two staff .mn^^ers- of f)ST are cor - 
cermed withih^ funptimn^^ CQSATI is sin^fe^.coordiiiating com- 
mit^ee withontaany dhrecfcnve authority . 

The N - atioiraJ S ciemjce S^oxnndatron plays an e^T^amely important rale 
tfemugh its Sffice <sr S demise Information SeagEsees._ Its influents is 
particularly felt in tine sapgjort of primary piuftiic ataons, ahstrssssmg 
ami indexing- services amd (advanced inform atr®n: systems in thnt pro- 
fessional societies, asr welLaEsih© sponsorship ofesmmJber of rmpj Tisnt 
developmentrp^rogriims inaffias area. 

However, thro. National Science Foundation i^jaot in a posmon to 
exert a strong; coordinating ai^ integrating infle^sce amon^ the other 
departments of Oov prrrmirenr jroldfn g' a coequal status with it. 

Similarly, the Offices of lEdiEcaLtion has been infimential in its suprporr 
of college and university Sfiiraries and their information systems. Tte 
generous **rjtinn of ©ongre^ in providing fu mis under the Hbrs;^rv 
Services and Construj^o^Act has ennphasizedl the important role iff. 
tbs TJ. S . Officevof Edismtia^m this area. 

Also, the Department csf Defense has a bey position. Particularly 
notable are the mamy Department of Defense technical information 
centers and the Defffinse Documentation Genster. The Department o£ 
Commerce operates the Cleamnghcmse for Federal Scientific and Tach- 
nical 3hf oimafioiiL 

One could go art feo enume ra te oflher am^prtgmfc arganizataons, such as 
NASA,;the AEO^theSDffiiScJEIealth Ser»h»,tfeiSmithsoiEmn Institu- 
tion, et ceteOT., aR«of whewn have a role tophiwdm^ridhntific anrf technicsi 
information transSer. Y^there is rao agency Hvlnchassures that we haw 
a well-lhoi^^it-cnitL imt^graHKd and cooi^iriDed notional proogram. 

Mr, P uvny sKn Tx wbHMernf Tmsay hroermpc you* briefly awhile I ;gc ~ 
a nd a tteat&a jfllftBlMig Imn^attend. 

TYe wML aamd hw g gMgere ifbr IP anifflfft ggJII asn particularly anxious 
to have IMr. IMlenfi^cSr and. Mr, IB ell aundsosKte of the other members 
heanyyoiir^tedthnonQyh^caus© r bcSe^tBaatyjfmi are puttingrthis whole 
pT^lem ^Ti^ »- 'i fro So if yon wdll forgive me, I will 

excuse myself forl£s ummte. 

We will beiin rea^fe^iju^u Ifrufinufees. ^ ^ ^ 

Mrr , P®jciNSEi. IKfe. Ctai 2 ea^ I apologize for interrupting you. Besrame 
where you left fi&E. 

Mr. ^Saaec ER. lEa unr r opaart we enumerated eight major acreas 
stach coordination and integration are required. These requireuteits 
a® ccaaoeiPh^d withi 

It. Various admhgi stiiaudve and organizational requirement- 

2. Heipn-rements as viewed from the point of view of the vm-: 

I Tvb&EZLai systems operations requirements. 

4 . Bequi remertfe regarding: the production and representamna 

of docvV/menSs. ^ 

5. BeqitoirSEDf^nfes r g ^a r feg d^sensBnation and special services. 

6. SfequuremG&fifs for system evolution. 

7. Bes^iarec^^^ for ©ducafiion and training. 

8. Be^nrem-^uts for EKearch and development. 
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Although I 'have bear'd critiosEiii of the solution we proposed for 
handling these requ iremenxts, IT never heard it seriously argued 

that the requirements themselves d*? not exist. 

I believe it of considerate inrgeaiey that Congress and tme executive 
hranclb. consider bow these respissEments cam foe fulfilled within the 
Federal establishment. . , OD aa 

I would suspect, Mr. Chairman, Ignat when y*m. drafted: J-L.K. 8»oy 
ysru had in mind requ i rements dh tics natu re , and I certamly endorse 
tiie general idea that we meed a national science research data process- 
ing and information retrieval system. Buifr I do have donibts about 
the wisdom of placing this responsibility within the Natiamal Science 

Foimdataoit. _ „ , 

My concerns regarding NSF amd its a&ihtvr to adrniEiiister’ a national 
system are not at all associated^ with thie comipetence or man agemen t 
.skill of the National Science iroimdation or the Office of Science 
Information Services. Bather tftey have to do with a more funda- 
mental problem facing tiae Government in all areas of science inte- 
gration and coordination^ . . 

X refer to the fact th®t the National Science Foundation ® esrga- 
idzationally coequml to many otheiT agencies of Gbwernrne&it ; with 
the Aiomdc Energy Ckimmissaom, t-Ihe Departmeait of Defense, the 
National Space and Aeronautics Administration , the Etepartinerit of 
haealth^Edu cation, amd W^ffare, anchso forth. # # . 

I find it difficult t® bdiieve that in an area which is m& all-gervnsive 
^ scientific and technical iurformation any agssicy which is m the 
agu e level as the ofeer concerned with thiss prchfeni cam 

BHSaily tafe the dire ctive aid untt^astdve role that is 

Sat her X has?© hern -of ^he ^opmSpri) that only at the sirganmationral 
isml ofi&se ISxec^tive ©ffice of the* President can a m. agens^y have 
themeeessary- mufihuirity und ovesraH purview. 

In ^Bur- book we dtevofce a fell chapter to evaluating tis& watikms al- 
tfflmmtivesiithas cure available w ltg initiie existing agencies. XV*© in no 
wsay itried^ffio imply 'tiiai^she exi^ni^psagamzafcions are nnafe capable of 
pa rf OT mingr the fimdfci ons^ w ith whiSLfhey are charged. Sa&er vre are 
concerned regarding the fundesaetissal philosophy of governmental 

Because of ;this w® (concluded that neither the National Sfeaence 
Sbundation near any orther agency was ^TOperly sitiaated at had the 
proper authgf^yto large naission implied by HjL 8§S*9. 

As further *N*Mence on tfo &0 po#n% IF wCffaM eall yefienr aEjmtknsi to 
Hilt. 8S39 which is a bill to est^Ia^ at National OonMOBsicm on Li- 
.Wariffi a» Tr>fy irrnw±i«Trn Sciencfiti3e<2tmffn three of that ifflisaya^ “There 
fe herei^ e^sSUashed as an indepentimit agency within the executive 
Commission on libraries and Imformation Sci- 
ences^TH.Ri ffis^§sl>ased on the recommendations of fise National Aul- 
xtisory Comnaistion on Libraries and the drafters of the bill wisely 
recognized thast the cx>minissi<xrL should be an independent agency 
within the executive branch. 

I believe, Mr. Ghaifiemaaa, any activity ^such as the national science 
research data processing and information retrieval system should 
likewise be a part of such an independent agency. 

Indeed, I caimotlwlp hut wonder whether or not the intent and con- 
tent of H.R. J^9 should be consolidated and coordinated. 
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ttt . THERE IS NEED FOR SEVER All SYSTEMS FOR DIFFERENT SUBJECT 

MATTERS 

From the contents of the previous paragraphs some might conclude 
that I believe there should be one large, monolithic technical infor- 
mation system. This would be completely false and contrary to my 
beliefs. Indeed, it seems to me that we must have a large number of 
relatively independent systems operating in the many different sub- 
ject matters ofscience and tedonoiogy. 

But it mlso seems to me that there needs to he a reasonable amount of 
integration and coordination between these systems and that this can 
only be done through the monitcsrship of a central agency which has 
responsibility for assuring that there is a degree of compatibility and 
consistency in policy and operation among the many different sys- 
tems. 

I would likevto call yonr attention tn several different systems which 
have been established to clarify further the point that I believe many 
systems need to exist. 

Recently the System Development Corporation has been undertak- 
ing a study of a^mutional oceanographic data system for the National 
Marine Council. I think tsomae gfeople originally thought we might ree- 
omiruand ra highly centralized naafcional oceanographic information and 
data system. . 

Ttb a limited sense we will in<fieed do so, but this system will con- 
sist of many subsystems winch, are only loosely tied together. Al- 
though fw report is nofcyefc complete, we will probably recommend 
that there be a new and ^reEfgthened fisheries information system. 
Hikewise, ire will probably mcoiiimend there be a new and 

strengthened marine engineering system. > We will, also recommend 
a strengthening of the National Oceanographic Data Center. Although 
all of ; these organizations deal with oceanographic information, it 
is not esseraafcial that they be operated by one central agency . Rather it 
is important that there be an organization responsible for the over- 
view of all these systems to? see that their data formats are properly 
compatible, that the kinds of inSoamation they are; collecting : do not 
overlap uianeoes^LiTly, f£hafc similiyr general policies are established, 
and to lo ok : tmmtd aa ovetsH national system made-up of many 
components operated bydiffetsnfe agencies. . U i » .v. < . ; :: ; r; , /?- - t T . 

. • ; As another example, consider the information requirement in edu- 
cation. Imfbei t&e U.S. Office of Education has estab- 

lished th& Educational EesoxHces Information System. There are 
19 ER IC (centers throughout* the country. At each center documents 
are acquired, processed, and placed in the system .under the overall 
guidance of the central ERIC administration. In: addition to these 
19 ERIC enters there are some 150 other information centers operat- 
ing in the field of education. These vary from one-man information 
centers te i snore extensive and even automated centers. It is not nec- 
essary itlMBt each of these he brought under a centralized control* but 
it; is important that the education community be aware- of their 
existence, know the resources available at the various centers, be 
able to query the centers with regard' to needed information, and that 
their processmg’he reasonably similar so that as knowledge regarding 




155 



research, techniques and resources accumulates appropriate abstracts 
ing, indexing, and computer-based services may be more readily 
established. ' 

In our COS ATI study we developed the concept of the Responsible 
Agent. This concept is really quite straightforward and simple. It 
implies, for example, that the U.S. Office of Education should be the 
responsible agent for assuring that there is developed within this coun- 
try an adequate education information system. You will note that we 
do not propose that the U. Si Office of Education should operate such 
a system. Rather we would expect TJSOE to be responsible for support- 
ing ongoing systems, if such support is needed, and for assuring that 
there are information resources covering the entire field of education 
and that the policies and practices of the various information sources 
in education are reasonably standard and consistent so that users need 
familiarize themselves with onlv a limited number of procedures for 
retrieving information. USOE'S involvement^ would extend to only 
those cases where Federal operation or financial support is involved. 

Although H.R. 8809 does not deal specifically with the concept of 
responsible agents, it does tangentially touch on this subject. The 
language of the bill is as follows : 

The purpose of this act is to implement, not substitute, existing information 
retrieval facilities. Therefore, it is specifically prohibited under this act, for the 
national system to establish any government-owned or operated, research science 
data processing of information retrieval, facility where such a facility already 
exists under either private or public ownership. 

X would like to suggest that this particular language is too restrictive 
in its specific prohibition on the establishment of any new system or 
any integration of systems where such facilities may already exist un- 
der public ownership. There are within the Federal Government many 
hundreds of .information retrieval and document centers; and I believ e 
that where a responsible agent has determined that a more effective 
system could be developed by the integration or consolidation of some 
of the , already . existing federally operated or: supported system, it 
w;ould t^ apprppriate for, such an.agency to promote such an ; effort. 
Probably all steps in] this direction ^ould be reviewed by the central 
policy-making orgam previously, but I believe 

it. would be upwise tp p ^rohibit speoifi<^ly the, integration or coordina- 
tion of already existing Fedei^ information retire val unif»:_ ^ 

I am also* concerned regarding the name of the:- system^ being pro-; 
posed; namely , a National ? Science Research Eat a .Processing and In- 
formation Retrieval System. I} wouM the ^ordlf-processT 

ing” be deleted ' f ron^/tfiej^ 

research ; ds^te, ' processing ’ a^dressedm content of H.R; 8809 . : f,-. 

7 \ Every , majoy research ^ablishment nrijmiyeraity center or i 

Government res^i^h la^ available facdlitic^ toproc- 

ess research data. While the , Federal}: Government plays, a| significant; 
role in supporting many computer-l>a^d data , processing centers, the 
function and rble of such centers is separate, from the information 
transfer function which X a^ume , is. the primary concern of H.R. 
88Q9, ; V'f s. ■) O t ; S' ':.Oi I ’.r' 0.: ? * ■* ■ r.-i ; J 7 V Si.i 

In summary, I wish to support the general intent of H.R. 8809, 
which t take to be the establishment of -a national document-handling, 
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information and data retrieval system. The establishment of such a 
national system requires careful consideration regarding the func- 
tions to be filled and the identification of appropriate agencies to un- 
dertake these tasks. ' . 

A s I have indicated, I have some douhts that there now exists a 
proper agency to undertake this program, and I am also concerned 
about some of the specific language of H .B. 8809. At the same time, 

I would like to support the general interest and concern of your com- 
mittee regarding this important area. Thank you very much. This 
concludes my written testimony. I would be glad to answer questions. 

Mr. Pucinski.' Thank you, Mr. Carter. You have certainly given 
this committee an excellent statement. I appreciate your suggestions. 

I think each of your suggestions is intended to improve this 

tion and coining from one who has such vast experience in this field, 

I give special attention to your proposals. , 

I am particularly impressed with your suggestion that we ought to 
make this an agency that would be close to the President. I think that 
the earlier colloquy with Mr. Adkinson proves my point. Whatever 
may be his personal views on this subject, obviously he is reflecting the 
views of the Bureau of the Budget, the National Science Foundation, 
and various other people who have taken a position. 

Your suggestion that this ought to be an agency that would have 
broader powers than the agencies now dealing with the subject, which 
have coequal powers is one we may want to look at very carefully. 

I wonder it you might agree that perhaps the President’s Commit- 
tee on Scientific and Technical Information ‘ conceivably might be the 
vehicle for the development of this concept. ■; 

Mr. Carter. No, sir. I do not believe that would be wise. The reason 
I believe this is that COSATI is a committee of the Federal Council 
on Science and Technology: The Federal Council is simply an organi- 
zation made up of representatives of all the different Government 
agencies which have significant science and technical roles to play. 

It is a consultative body, a group which considers common problems, 
which make recommendations to their various agencies but like most 
committees, does not have strong executive authority. I do not think you 
c&n do the coordination and : integration that is needed in this area and 
many r other areas of science without a stronger staff support, a more 
organized attack on these problems^ than you get out of the Federal 

Council or COSATI; 1 ^ . t * , . 

Mr. Ptjcinski. On the basis of your experience, how would you 
recommend • that we structure this ? You suggested perhaps w e could 
combine this bill with the Commission on Libraries. 

Mr. Carter . 5 Yes, sir. I am concerned about that because some of the 
functions which are contemplated, the Commission on Libraries and 
Information Science 1 would undertake would certainly be some of the 
functions which are wntemplated tinder your bill: ■ * , _ 

Mr. Pttcxkbki. I have icservati ons about this suggestion. If the 
National Commission were to confine itself only to libraries I would 
have no problem. The National Commission on Libraries, when it was 
an advisory board, was very helpful to our subcommittee a few years 
ago when we passed the Library Act. W e relied heavily on their recom- 
mendations^ v ^ 
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I believe at that time you were a member of the Commission. Your 
study resulted in the Library Act which has done a great ]ob all m er 
the* 1 country. But I am concerned that when the guidelines are written 
on information science, they will only add to the already exists. e 
confusion. Would you, having been a member of this Commission on 
Libraries see any strong objection in making this Commission ap - 
manent^ommission as fi.R. 8839 proposes? That we confine it only to 

Ub Mf cIrter. Yes, sir; I tend to believe that the role of the library, 
particularly the research library, is going to change a great deal mtlie 
next 10 to 15 years. We already see growing up information resoiarces 

suS i The Imerican Chemical Societv fs P uttl o ^X’ be dSsemU 
mentioned earlier. Those resources are largely going to be dissemi 
nated through some association with a library on the campus. 

There are going to be computer tools of one nature or another^ con- 
sole^ retrieval tools, which will operate, I believe, through the libraries 

with the Chemical Information Service. ,. 

They are going to go on line in 1971 sand when are on line, then 
a research center will have a console where they could query, the date 
base mantained in Columbus or other places. You have to Integra^ 
science information services, I think with the other libraries serv c 

or information services. . j • 

So that, I believe, there will be an amalgamation of library and m- 

Mr Pucinski. Do you think we would be wiser at this point to limit 
this commission to the work that it has already been doing, primarily 
in the library field and avoid or eliminate , the information sciences' 
What I am fearful of, is that the. information sciences are gomgto be 
the honey to attract the money, and the money will flow in that direc- 
tion; and the humanities and the various other aspects of library 

activity will play a secondary role. y ■ TV,„Ti 

The Library of Congress presents an example of my point, itie li- 
brary of Congress asked for $5 million to catalog scientific inf orma- 
tion and received it like that. Yet if they want to improve their sec- 
tion in humanities in the Library of Congress, they have to literally 

beg for funds. v v ; ’ - ■ . ^ , •' 

; You said we ought to have a separate structure dealmgwithsciences. 
Perhaps we ought to have a national commission on science informa- 
tion retrieval which would then work with the libraries,, and with 
everyone else would that be the road to go ? • ; • , ' •••■"• * 

You also said you thought maybe 8809, and. 8839 ought to be consoli- 
dated and coordinated; ; ;: - 

Mr. CAirrER.-Yes,sir'rY;;i\.^:'wi:A : ’ . ; • : ' b ■ ,, . 9 

Mr. Pucinski* Which would be the best wav to move on this i 
Mr Carter. As you say, I was a member of. the National Advisory 

Commission, and while I wholly endorse the recommendations of the 

Commission, I did not myself feel they wer* as strong as they should 

Part-time commissions in my view, are not the way to get things 
rolling, get tilings instituted. So I would much rather see a responsible 
agent, or a responsible organization as a permanent agency within 
the Government than to see a pn.rt-time commissiori. . 

8L-464 O— 69— *11 
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Mr. Pucinski. I presume the National Commission on Libraries will 
be a permanent agency of Government. 

Mr. Carter. I think the bill is pretty weak in that respect. I don’t 
have it before me. 

Mr, Puoinski. I would: agree with you. I would be for strength- 
ening the National Commission on Libraries, making it a permanent 
institute which would be an overseer for library facilities in this 
country. 

But is there any merit to my fear that if we add the words “and in- 
formation science” and give this National Commission on Libraries 
the further authority over information science that over the span of 
the next 10 years, or 5 years, the glamour will be focused on the 
sciences ? 

It is easier to get money. Numerous people look at the humanities 
with distress, believing they are not as important as the sciences. I 
believe free people have to haven strong interest in humanities. And 
this is why I fear putting the sciences in with the library services. 

Is there any merit to rny concern ? ••»'*'? - * * 

Mr. Carter. Certainly there is merit to your concern because nobody 
wants to be in the posit ion, no thoughful person, of downgrading the 
humanities or social sciences, arts and so on. 

Mr. Puciintshix. There is a constant effort to do just that around here. 

Mr. Carter. But I wonder a little bit about to what extent that is 
really true. I thought that under the Library Services and Construc- 
tion Act^ there are very large amounts appropriated for general library 
services. I heard a comment from the Office of Education to the effect 
that something in the order of $400 million a year are spent through 
that Office for the general support of libraries. This is not for the sup- 
port of science libraries. ,'v • 

Mr. Pucinski. Within the present structure we are not dealing with 
science information. The present structure limits it to library service. 
For instance, three libraries were built in my district with Federal aid. 
Had we not received it, we would not have built those libraries. They 
a;re invaluable neighborhood in^titiitiohs. > • ' * / r • !;■ 

The people of my district tliinlc these libraries are the greatest thing 
that has happened in the area. But had this bill included science or 
information science • services, then the struggle for the dollar would 
have been divided and I doubt if we woul d have received enough money 
for the libraries!; ‘h’j ' y ^])X bkvvjr/; -hr* 

Mr. Carter. I think we are having a semantic problem. I believe 
when one Say^ a ConxniissioriL on Librari^ and- Information Science, 
one is talking about the new developments for handling 5 informa- 
tion, the techniques of information retrieval, of storage, of microfilm- 
ing, of indexing, which we refer to as the information sciences. 

/ Mr. Pucinski. I am glad you brought that up. I think you are 
right. I think you now put this discussion on the right track. 

If that ik all- that they are talking about in HiR. 8839, then ob- 
viously I certainly would not object to it and I do not think any- 
one else woul d object to it. If that bill •• seeks a better way to han- 
dle books and the d isseminatibri of ‘ information in: r those books and 
libraries, fine, but you 1 said that you ' thought; we might consolidate 
8809 and 8839. I would VbA leery of mixing science and the humani- 



ties. Because in the struggle for Federal funds, science would al- 
ways get more than the humanities, and I am still old fashioned 
enough to think humanities are important. 

Mr. Carter. I don’t want to press that point too strongly. I am 
sure you are right in your interpretation that the National Advi- 
sory Commisison on Libraries was using the concept of information 
science as the technique of modem librarianship, if you will- And if 
you go on and look at the other recommendations ox the National 
Advisory Committee, you will see that one of them was the estab- 
lishment of an Institute of Library and Information Science to help 
promote those techniques, so library information resources would be 
more useful. 

Mr. PtxciNSKi. How can we give greater credence to the proposal 
that you make here to move forward? Perhaps H.ft. 8809 is wrong 
in presuming that you can amend the NDEA and that this project 
can be given to the SIS in the National Science F oundation. I be- 
lieve that with the problems they have there as manifested par- 
ticularly in today’s testimony, which is very clear, they do not want 
it. We ought to start thinking about who does want it. More im- 
portant, who is best qualified to handle it ? 

Mr. Carter. In our report to COSATI and in the book I men- 
tioned in my testimony , we analyze the pros and cons of NSF, the 
Smithsonian Institution, of OST, of several - different agencies as 
being the appropriate organization to assume this r^ponsibility. And 
you know there are a fair number of pages of analysis of the situation. 

As I say, we did come up with the conclusion that there is cur- 
rently no existing agency that is either properly situated within the 
Federal organizational hierarchy or has the statutory authority to 
fulfill the duties I think you have in mincL ^ We therefore develop 
at some length the nature of such an organization which should be, 
we thought, at 1 the level of the Executive Office of the President. 

Mr. Puciktski. What do you call that agency ? ^ ' 

Mr. ; Carter. I don’t really remember the" exact title. It got labeled 
the napping- agency.' h -• i‘_ - f;' ■■■ r *' # 

l Mr. PtrciNSKi. But your point is an agency like that at the White 
House level would be in a more favorable position. What, you are ad- 
vocating is the same concept utilized on any number of similar prob- 
lems— setting up a subcabinet post and then bringing in all the related 
agencies^ vx :■ ; :v;; - ’ 

It was done in tlie poverty program; It was done in model cities; in 
the Marine Council. So you are suggesting setting up a new structure, 
an umbrella under which all these agencies could work but which would 
have a higher degree of authority than as a coequal partner with these 
agencies. . . ‘ 

Mr. Carter. Exactly. ■ >: : : ; ■: ; # ^ ‘ ' ’ ' ’ : ; i: ’ . 

■ -i Mr; Pucinski. That is a very fine suggestion, and I certainly will 
hope when you get back to California, you might amplify that for our 
committee.' . ” i ■ xj } r b -> * ;■ -'fr :V? ' " '■ ■ ' 

,-y I would be anxious to have these views frbm you, Mr. Carter, because 
I believe you may be righLr: ^ vr -M ' yj 

One final question, do you think that establishing an agency of this 
nature Would be an impediment to the present development of systems 
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within the various disciplines? The statement was made earlier that 
the strings imposed by such a formal system might well inhibit rather 
than assist the productive evolution of these services. Do you share 
that view? 

Mr. Carter. Well, in theory I clearly do not. In theory I think there 
should be some organization which looks out for the total scientific 
and technical information system. But on the other hand, the spelling 
out of the language of a bill and sometimes the administrative regula- 
tions that go with it, do not always correspond to the intent of the bill. 

I personally believe that one could draw up an appropriate bill. I 
think if I may say so, sir, there is a certain weakness in H.R. 880P by 
not being specific enough in some areas about how it would really work. 

Mr. Pucinski. And being too specific in others? 

Mr. Carter. Yes, sir. 

Mr. PtrcmsKi. For instance, in light of your statement here I can 
appreciate your comment that the prohibition against competing sys- 
tems could really thwart some very good developments. Perhaps that 
language could be improved. 

Bet me ask you, then, perhaps the best way to move on something 
like this is to first of all establish the principle that the time has come 
to start moving in the direction of establishing a national information 
system. Then perhaps we ought to take your suggestion and establish 
a commission that would be charged with the responsibility of develop- 
ing such a system within a, fixed time. Perhaps, Mr. Carter, what we 
need is another vehicle similar to that you served when you were a 
member of the Library Commission. ; 

You gave us a blueprint for setting up a library bill. We followed 
that blueprint and today libraries are built all over the country. 
Maybe that is the procedure we ought to use. \ f ; • • .1 ; _ 

Mr. Carter. I think there is merit to that suggestion. Particularly if 
such a commission were charged with preparing appropriate recom- 
mended legislation which Congress could then consider as a rounded 
and a “well -developed piece of legislation covering the total field. 

Mr. Pttcinski. You have been extremely helpful to this committee 
today and I really apologize to you for such a disjointed hearing. I 
want you to know how much I appreciate your coming. I: think that 
yoU: have;.given us some perspectives that we have not thought of 
before;- o.;; • •-.= \s : ■ ’ • b / } \ i ■ 5 ft r- • p • • : i v ■ i 

I think coupled with Dr. Seaborg’s testimony, you gave us a few new 
directions, and I would ask you to do one more thing; if T may. 

When you get back to California, perhaps you would like to elabo- 
rate on your statement and give us your thinking on how a Presidential 
commission of this type ought to look and what it ought to do, as you 
see it. 

Mr. Carter. Very good, sir. I would be pleased. 

Mr. Ptoinski. I think we can agree with all due respect to the 
National Science Foundation and the director of the SIS, the time is 
long past due in getting started on a national system. 

Perhapsryour; proposal to put together a team of experts who are 
capable and asking them to prescribe a formula for a national system, 
might be the better way of doing it. 1, : i \ ^ } 

Mr. Carter. I will be happy to think about this and to offer some 
comments. 
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Mr. Pttcinski. Mr. Carter, you are very kind for taking time out. 
I think you are going to see that your comments today will be reflected 
into some meaningful legislation around here. 

Thank you very much. 

(The comments requested follow :) 

System Development Corp., 

Santa Monica, Calif., May 1, 1969, 

Hon. Roman C. Fucinski, 

House of Representatives, 

Washington , D.C. 

Dear Representative Pttcinski : During my testimony before your General 
Subcommittee on Education regarding H.R. 8809, you invited me to submit ad- 
ditional comments regarding the way in which forward movement might be 
achieved in the scientific and technical document and information area. One of 
the things we discussed was the advisability of forming a national advisory com- 
mission on scientific and technical information needs to serve a function analo- 
gous to that of the National Advisory Commission on Libraries. While there 
are advantages to such a commission, my overall assessment is that such a 
commission is not needed. In the scientific and technical information area there 
have been a number of reports and studies proposing various ways of im- 
proving our national posture in this area. I believe the appointment of another 
commission to study the area would result in few new insights beyond the re- 
ports and recommendations which are already available. What is needed now 
is not another study group but rather the concentrated staff work required to 
formulate a clear course of action for administrative agencies and such specific 
legislation as may be required to improve performance in the document and in- 
formation retrieval area. b ' 

As I mentioned in my testimony, the logical place for this to happen is in 
the Office of Science and Technology, but the size of the staff in OST is such 
that it cannot devote much manpower to the staff work that needs to be done. 
Repeated efforts on the part of the President’s Science Advisor to increase the 
size of his staff have been unfruitful either because of the lack of adequate 
funding or because of the lack of clarity regarding continuing responsibility in 
this area. O SIS, in the National Science Foundation, has a barely sufficient staff 
to discharge its present responsibilities and, at its level, finds it difficult to be a 
spokesman for. the entire community. I would suggest that a useful action would 
be for your committee to either request OST to do the necessary staff work or 
for your Committee itself to acquire an appropriate permanent staff. 

In ; the discussion before your . Committee a . number of ideas have been ad- 
vanced regarding the appropriate; organizational, structure for facilitating ad- 
vanced document-handling and; information transfer functions. There are several 
alternative organizational possibilities. As is always the case, there are various 
considerations in favor of and opposed to any scheme that is put forward. I 
believe that in our book "National Document-Handling Systems for Science and 
Technology” we have analyzed the various possibilities. and made the arguments 
in favor of and against each of them. I am forwarding under separate cover 
a copy of the book; I would call your attention to Chapter 10, which is titled 
“Strengthening the Present System.” Our overall conclusion is that the present 
system has some inherent weaknesses which mitigate against its ability to func- 
tion optimally in this area. At the same time, it should be recognized that actions 
to significantly strengthen OST or COS ATI or NSF could represent important 
advances. I will not review the arguments here, since they are laid out in detail 
in Chapter : 10. - .. • • ; v ' • V" ' ‘ - • : \ . . 

In Chapter 9 of our book we consider the possibility of several different orga- 
nizational and operational structures. .The alternative approaches discussed are : 

1. A new operating agency within the Federal Government which we 
called the National Scientific and Technical Information Agency. 

2. A government-chartered corporation as an operating agency. This or- 

; ganization would have some of the characteristics of COMSAT. ; < 

; : .: 3. A national ; library a dministrati on as , the, operating and responsible 

gp|1 py v ‘ j: 1 .. . , , r \ . V , r r \ ■ i 

We discussed the possible advantages and disadvantages and concluded that 
while there are many attractive features to these suggestions, their practical 
implementation precluded our recommending them. 
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As you inow, our preferred recommendation involved the establishment of a 
“Capping Agency” and the implementation of tbe Responsible Agent concept. 
The details of these concepts are spelled out in Chapter 8 of our book. 

Since our study in 1965, there have been several other major study efforts 
in this area. There is the report of the National Advisory Commission on 
Libraries, which deals with a part of the science and technical information prob- 
lem. There is the extensive study of the National Academy of Science and its 
SATGOM effort. Jin our book we summarize 15 other alternative approaches that 
have been suggested. Again, let me say that I believe what we need now is not 
additional studies but rather a concentrated staff effort to formulate the appro- 
priate administrative actions and/or legislation that is required to implement 
the desirable features suggested in these various reports. 

It has been a privilege to testify before your Committee and, I am pleased that ! 
you are again taking the Congressional lead in this area. 

Sincerely yours, 

Uaunor F. Carter, 

Vice President and Manager , 

Public Systems Division . 

Mr. Pucinski. Our next witness is Mr. B. K. Farris, vice president 
of Science Communication, Inc. and Mr. DeWitt O. Myatt, also of 
Science Communication, Inc. 

We are very happy to have you here, gentlemen. I am sorry we kept 
you so long. L know how busy you are and I know what a big hole we 
put in your schedule by taking a whole day out of your activities. 
Forgive us. We apologize to you. Y. 

Mr. Myatt is the founder and chairman of the Board^ of Science 
Communication, Inc. Since 1941 his career has been primarily involved 
in information science and technical communication. He has pub- 
lished numerous articles dealing with the, subject of information 
retrieval and is a recognized expert in the field. ’ 

Mr. Farris, since 1963, has served as vice president of Science Com- 
munication^ Inc. and directs the technical data systems division which 
includes scientific and engineering information system analysis and 
design, information services, technical management consulting and 
related projects- , , , - \ ' -/v -j ^ _ * •. 

He has worked with the Aerospace Corp. in Cal iforni a, with the 
Applied Physics Laboratory of Johns Hopkins University ? and with 
various private and, Government agencies. He has received recognition 
from various technical engineering societies and is widely respected 
in his field. ■ m \ 

We are pleased to have two such illustrious members of the scientific 
community us fbday ' You both havei prepared statements, which 

will go in the record at this point, I believe, and you can proceed in 
any way you wish. Perhaps on the basis of all the testimony that has 
occurred here today/ which you have listened to, you might want to 
put your two statements in at this point and then d iscuss them and dis- 
cuss some of the additional information that was given here today. 

Mr. Mtatt. Thank you. I would like to suggest that Mr. Farris give 
a brief version of the formal stiibement that he has entered into the 
recbrd.' . >^^*7 ■- ■: v 7. , 

I will f ollpw with a f ew additional comments, j . ? .V : > 

We have been expressly interested in a number of the exchanges that 
have occurred this morning and this afternoon and would' appreciate 
the o^pportunity tp, comment on them ajnd also to janswer any questions 

Mr. Pucinski. Proceed in any way you wish. V ->r ; V ^ 

Mr. Myatt. First, I would like to say that before Mr, Farris and I 
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became information scientists we started as physical scientists. We 
have been working in the information science field with the use of the 
chemical and chemical engineering backgrounds, and with working 
experiences in such fields as medicine, chemistry, rocketry, agriculture, 
and materials development. •' . 

The working associations we had with pilot plants, with chemical 
processing, and with the research laboratory have been very beneficial 
in our information, work. We feel that some ox the perspectives that 
we will be developing today with you came because of that original 
background. . __ . 

X think with that, without further ado, I will ask Mr. rams to 
proceed. 

STATEMENT OF B. K. FARRIS, VICE PRESIDENT OF SCIENCE 
COMMUNICATION, INC., McIEAN, VA. 



Mr. Farris. Thank you. I am pleased for the opportunity to appear 
before this committee and discuss the possibility of implementing a 
national system for improving the management of scientific data and 
information. Although such systems should not, in fact cannot, be 
implemented on a crash basis, implementation cannot be delayed if the 
United States intends to maintain its position of preeminence in 
science and techology. . _ . . . 

Too frequenly, when data systems of the future are discussed, it is in 
terms of fantasies of the year 2000, rather than the actions to be taken 
in 1969, 1970, and so forth. Hopefully, I will be able not only to convey 
some of the potential of the future but to suggest some reasonable 
first steps toward that future. . ; , 

My comments today will concentrate on data and data handling 
systems, rather than document handling systems. For the past 2 years, 
L have been engaged in extensive study of national scientific and 
technical data system concepts. A significant portion of my recent 
work and that of my colleagues at Science Communications, Inc., was 
conducted for the Committee on Scientific and Technical Information 
( COS ATI) of the Federal Council- for Science and Technology. Since 
this work included an assessment of approximately 90 issues concern- 
ing national data systems and development of a plan for further study 
and implementation of national scientific and technical data system 
concepts, I would like to offer some excerpts from our final report 
for inclusion in the record of this hearing. ; 

Summarizing Excerpts From the Science Communication, Inc., Report-Study 
OF SciENTiriO AND TECHNICAL I) ATA ACTIVITIES IN THE UNITED STATES 

SPONSORSHIP ACKNOWLEDGEMENTS 




* Study of Scientitfv Ivd-ta Activities in the United 

Contract F4462(^e7-f> 0frr^ ; Communication, Inc.; April 30. 

: Volume I—Pl&ii' fw Implementation of ..National D 



: Activities* in the United States . Final Report 
10 . 1968 . ' 

¥ ..... . ^,-- I — - - , . Data System Concepts. 

• Vyi A7G ztftfl * ‘ V - ’’ _• i 

Volume II (Parts A llminary Census of Scientific and Technical Data Activ- 

^^lime^IlP fpart^ : *C) Hilary Census of Scientific and Technical Data Activities. 

AD 670 608. 
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uaa Advanced Research Projects Agency of the Department of Defense, with 
cdutract administration by the Air Force Office of Scientific Research. Work was 
izsirnafted on 1 September J96S8, under Air Force Contract F44620-07— C-0022, and 
completed 30 April 1908.. 



r. PURPOSE* * OmUECTIVES, AND METHODS OF THE STUDY 



A. Background 



In 1962, the Federal Comnefil for Science and Technology established the Com- 
mittee on Scientific Intfomsation under the auspices of the Office of Science and 
Technology, Executive Office of the President. In 1964, the name of the Committee 
was changed to Committee on Scientific and Technical Information (COS ATI) to 
indicate that its scope of interest included technical as well as scientific informa- 
tion activities. Since its establishment, COSATI has been extensively involved in 
improving Federal scientific and technical information activities. In addition, 
COSATI, through its own leadership and initiative, is stimulating organizations 
in and out of the Government, in tffre United. States and overseas, in science and 
technology and other feslds, to seek new methods of improving their capability 
to communicate information efficiently and effectively both within and between 
communities. Perhaps the most ambitious of COSATI undertakings to date in- 
volves the work of a Task Group bo study the complex area of planning for na- 
tional information system (s). The charter of this task group identifies two 
principal goals and objectives : , 

Undertake those investigations needed to (a) inventory and evaluate 
the resources (people, libraries, and other services, equipment, materials 
and funds) currently being utilized in national and other domestic scientific 
and technical information activities; acid (b) ascertain the information 
needs of users such as : scientists, engi n eers, managers, practitioners, and 
the technical public, as individuals asfcd as groups, in and out of the 
Government. 

Based upon these and other findings, prepare recommendations and 
plans for the development of national information system (s) to include 
actions for. Government agencies, suggestions for actions by the private 
sector, and steps to move from current to advanced information systems. 

The Task Group has sponsored a set of complementary studies to accumulate 
background information and to assess its relevance to the requirements and 
feasibility factors relating to national scientific and technical information sys- 
tems concepts. The first study examined the current status of document handling 
and made recommendations concerning a national document handling system. 2 
A second study dealt in depth with abstracting and indexing services in the 
United States.® Another study analyzed the structures and functions of informal 
information communication systems.* Based on the results of these studies, other 
findings, and the experience of its members, the Task Group is formulating rec- 
ommendations and plans for consideration and implementation of national infor- 
mation system concepts. 

B. OBJECTIVES OF THE STUDY OF DATA UNDERTAKEN BY THE TASK GROUP ON NATIONAL 

• h-V .-.SYSTEM (S) : t . " ( ' . 

Prior to 1966, relatively few comprehensive studies had been conducted of sci- 
entific and technical data systems. Previous studies and surveys had been re- 
stricted to the data activities of an agency, to a specific Scientific or technical field, 
or to selected elements of a total data system — e g., data processing equipment. 
Consequently, the COSATI Task Group on National Systems has undertaken a 
broad-scope study that can be used to guide the formation of national policy with 
respect to systems for scientific and technical data collection, reduction, storage, 
retrieval, analysis, and dissemination. Specifically, the study by the Task Group is 
Intended to : 



a Recommendations for National Z>o cument Handling Systems in Science and Technology: 
Appendix A — A Background Study— — "Volumes I and II, System Development Corporation, 
Santa Monica. California September 1965. Contract AF 19(6281-5166. 

8 A' System Study of Abstracting and Indexing in the united States. Svstem Development 
Carporaition.- Falls Ckurch, Virginia. 16 December 1966, Contract NS F-C-464. 

* Exploration or Oral/ Informal Technical Communications Behavior. Semi-Annual /Tech- 
^ Instltute8 f or Research, Silver Spring, Maryland, 15 March. 1967, 

67 LUvvti 
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Assess the degree of attention that is being given to data on the national 
level ; 

Clarify the role that scientific and technical (data — -in various stages of 
refinement — play in the technical decision process ; and 

Formulate data system policies and/or actions that will benefit the inter- 
change of technological know-how and the conduct of research^ 

For the purposes of the study, data are described as quantitative or qualitative 
representations of properties, characteristics, or attributes of objects, events, 
measurements, or observations. In common usage, data connote factual, as op- 
posed to conceptual information ; in addition, the term is frequently used to denote 
the factual information content of a document, rather than the document or arti- 
fact itself. The latter distinction permits differentiation beween this study and 
many previous studies which dealt with document handling systems or with 
abstracting, indexing, or other treatment of conceptual information content of 
documents. The scope of the study, roughly defined, includes activities involving 
the following types of scientific and technical data : 

Data acquired in the course of conducting experiments or examining 
natural phenomena, or in the course of performing tests according to pres- 
cribed procedures ; 

Data which describe the characteristics or performance of a natural 
phenomenon, a material, a device, or a component ; and 

Data which instruct, guide, or aid skilled or semi-skilled persons in the 
proper use, maintenance, or replacement of artifacts, or in techniques and 
procedures. 

This study is intended to establish how the various types of scientific and tech- 
nical data are acquired, stored, retrieved, packaged, and disseminated for specific 
types of uses ; why these packaging methods have been adopted ; and what changes 
in methods are foreseen in the future. Special emphasis is placed on uses made of 
data by various functional groups (e.g., basic research, equipment and systems 
development, product application, etc.) and the degree of processing or refinement 
of data needed for such functional groups. 

A further objective of the study, which is to be conducted in several phases, 
is to facilitate an open discourse and provide an opportunity for expression 
of the views and knowledge of the many individuals and organizations that will 
be key participants in the development, operation, and use of future data 
systems. 

The scope of the Task Group study can be summarized as encompassing sci- 
entific and technical data activities which are potentially amenable to deter- 
mination of requirements for national data systems or for other types of coordi- 
nation which would improve our national scientific and technological posture. 

C. APPROACH AND PRODUCTS OF THE INITIAL PHASE OF THE STUDY 

In September 1966, Science Communication, Inc. was awarded a contract 
to initiate this study. Specifically, Science Communication, Inc. undertook to con- 
duct a preliminary survey of scientific and technical data activities, data-rela ted 
problems, and data system needs within government, the professions, and indus- 
try. This initial phase of the COSATI Task Group Study was undertaken' to 
produce a preliminary census of current data activities and a plan for further 
study and consideration of various concepts of national scientific and technical 
data systems. * v V . .. 

The ^ following Summary of Conclusions and Recommendations (Section II) 
highlights some of the more important conclusions reached in this initial phase 
of the study. It must be emphasized that these conclusions are' the result of a 
very limited effort in terms of the ratio of the size of the study effort to the mag- 
nitude of the problem area examined. However, these conclusions, together with 
the other findings and recommendations in the Science 'Communication,, Inc. 
Report, provide, for the first time, visibility and articulation of the data seg- 
ment of scientific and technical information activity. The conclusions and rec- 
ommendations are considered significant for two reasons. First, they were formu- 
lated from the findings of an; extensive census-survey of scientific and technical 
data activities. Second, they summarize the assessments of approximately 300 
experts who were asked to comment on approximately 90 issues and recom- 
mended solutions which Science Communication, Inc., identified as most critically 
relevant to national scientific and technical data system concepts. 
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Volume I of the Science Communication, Inc. Report not only discusses issues 
and provides recommendations for their resolution ; it also outlines a systematic 
plan for executing the recomrmendations in the context of a National Scientific and 
Technical Data Program. Section III describes tMs plan. 

Volume II of the Science Cknnmunicat ion, H*c. Saeport consists of three parts. 
Part A presents scenarios of data, activities in team selected fields of science and 
technology. Bach scenario covers Abe characteristics of data, data flows, formal 
data effiorts, and representative data related pnroblems or issues identifiable with 
the field. The fields covered rnre: aerospace science and technology, electronics 
and electrical engineering, materials science and engineering, chemistry and 
chemical engineering, agriculture and food technology, biomedical sciences, 
pharmacology, social and behavioral sciences, ejuvrronmentab and geosciences, 
and oceanography. A supplementary scenario describes data activities as con- 
ducted within the research, developmental, and applications phases of scientific 
and technological activity. 

Part B summarises results from analyses of selected areas of scientific and 
technical data activity. Areas analyzed include data activities of medical re- 
search institutions, professional societies and trade associations, commercial data 
processing service centers, and IJ.S. Army research, development, test and evalua- 
tion activities- Part B also includes a review of data handling equipment capa- 
bilities potentially applicable to national scientific and technical data systems. 

Part V consists of an in-depth census of 226 formal data efforts which are 
representative of the efforts currently operating in the United States which most 
likely would be considered in conjunction with planning and development of 
national data systems. The following types of data efforts are included in the 
census : Data service centers, Data-document depositories, Data program devel- 
opment and coordination, Non-designated (Agency) data handling and service 
operations, and Small evolving data handling and service operations. 

The Science Communication, Inc. Report equips the COSATI Task Group on 
National Systems and other interested organizations with a preliminary defini- 
tion of the challenge awaiting those who will assume the leadership in creating 
improved scientific and technical data systems. In addition, it provides a focal 
point for reviews and discussions to further define required actions and enlist 
the participation of the many organizations and individuals who must contribute 
to the development of improved scientific and technical data management and 
handling systems, 

II. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 

A. Scientific and technical data~perspectives and policy implications 

Conclusion; The utility of our national scientific and technical data resource 
can "be substantially increased by improved management. 

Although the Federal Government and non-government organizations in the 
U.S. jointly expand in excess of 20 billion dollars annually to support research 
and development efforts, few policies exist to guide the management of the 
resultant scientific and technical data. In fact, current policies and programs 
have respited in an imbalance between the efforts expended to generate new 
data and the efforts expended to maintain, evaluate and make maximum use of 
available data. ( . \\\ ; ■ I, V,’~\ . 

Recommendation: The Executive Office of the President should issue a policy 
statement establishing the. objectives of a national .program to improve the man - 
agemeht of scientific, and technical data .activities within government, the pro- 
fessioris, and industry. ^ : .V... V ; 

The statement should hot only identify goals but designate responsibilities 
and identify means to achieve the program objectives. Specifically, the program 
shpuld achieve redistribution of Federal expenditures so that an appropriate per- 
centage of each agency’s research and development budget is allocated to data 
activities. The .program should involve upgrading of existing data systems and 
services, and development of the capabilities required for implementation of im- 
proved systems, for .future data management and handling. In addition, the pro- 
gram 'should provide funds; to support exploratory study and planning of data 
management and data handling systems in those areas of science and technology 
which can most benefit from such study and planning. V ... 

The total prqgram should be structured and. administered in a manner which 
will assure appropriate participation by all secure the scientific and tech- 
nological community. 
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Conclusion * No effective means currently exists for coordinating and integrat- 
ing the data management and data handling activities of the governmental , pro- 
fessional , and industrial sectors of science and technology . 

I>es pite the extensive efforts of COSATI and the respective agencies of the 
Federal Government to coordinate intra-government scientific and technical in- 
formation activities, no broad-gauge means has been established to coordinate 
these efforts with those of non-government organizations. The National Science 
Foundation is currently funding and working with professional societies to estab- 
lish discipline-based information systems, and many other government agencies 
cooperate with a limited number of non-government organizations. For example, 
the Department of Defense oo-sponsors meetings and working groups with data- 
oriented sub-groups of the American Ordnance Association and the National Se- 
curity Industrial Association. However, existing arrangements are not adequate 
to support the implementation of the program required to achieve optimal use 
of the national scientific and technical data resource. 

Recommendation: A National Advisory Council for Scientific and Technical 
Data should he established. . 

The Council membership should represent the various segments of scientific 
and technical data activity, both governmental and nongovernmental. The Coun- 
cil should function principally as a review and consultative body and should be 
structured to permit the operation of Panels concerned with the following types 
of data activities: (1) Discipline-research (scientific) data activities; (2) De- 
velopmental-mission data activities ; (3) Applieations-product data activities ; (4) 
General-purpose data activities ; and (5) Data system technologies and develop- 
ment activities. Through operation of its Panels, meetings such as a White House 
Conference and special studies, the Council would provide a forum dealing with 
data management and data handling system requirements. Based on inputs from 
this continuing forum and Council review of current data management practices 
and data system performance, the Council would evolve recommendations to 
guide the National Scientific and Technical Data Program. The Connell should 
maintain a small, permanent staff which would function as the secretariat for 
the Advisory Panels and would monitor planning and other special studies ini- 
tiated by the Council. *: '• v , , ‘ ‘ ^ r 

Conclusion: Scientific and technical data and data activities are exceedingly 
complex; national data programs arid system development efforts must he capable 

of effectively recognizing and accommodating this complexity. ... - 

The extent of this complexity can be gained by considering the attributes or 
scientific data activities associated with discipline research as compared with 
those technical data activities associated with mission development or product 
application activities. Each of these types bf data activities use data (even the 
same data) in different Ways, prefer specific packaging methods, and are driven 
by different motivational factors in the generation, handling, and application of 

^Recommendation: National data programs and related policies must be im- 
plemented with, due consideration of the diverse, types of data activities which 
are conducted as an integral and vital part of science and technology. ' 

Present knowledge indicates that the National ’ Scientific and Technical .Data 
Program should consist of at liefest ttwo subprograms— one formatted to develop 
improved data management and handling systems, for scientific data activities, 
and one formatted to the requirements of technical data activities. This would 
permit the total program the flexibility required for effective interaction 1 between 
government, industry, and the professions. More specifically, it would permit 
the Federal Government to tailor support of data system development efforts 
in accordance with’ ffcliie extent of the public interest.!. \ 

In addition,’ the National Data Program ’ must be structured to complement 
and build on existing data efforts, both goyernhienbal and non-governmental. 
Especially, it should provide a means for including h voice fotr the Interests of 
the pre-existing data service programs in the misslon-ori eh te d Federal agencies 
and in commercial service; firms such as publishers. . ' 

Conclusion: The full utility of scientific and technical data is not currently 
realized under existing data management and data handling policies. 

Analogous to the preservation of academic freedom; 1 the individual scientist 
has rightfully striven to preserve independence from external influences on the 
conduct of his scientific work. As a consequence, the scientific community has 
avoided centralized coordination of its activities, including conservation of the 
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knowledge structures which constitute the bases of the various disciplines. It is 
assumed that .the informal structures, such as the invisible college and the more 
formal mechanisms associated with publication o fthe scientific journal and 
monographs, provide adequate vehicles for communicating data and for main- 
tenance of the unity which is so vital to a strong science. This assumption fails 
to give due weight to the changing character of the role which our society ex* 
peots science to perform and the changes which result as scientists attempt .bo 
react to these new expectations. It also fails to note the inadequacies of the scien- 
tific paper, professional journal, and abstract publication as a set of bools for 
the communication and maintenance of the increasing pool of factual informa- 
tion or data be:*ng generated by scientists. 

Although due (to other causes, the data management and conservation practices 
currently followed in developmental or applications activities in science and tech- 
nology are equally ineffective. For example, in spite of the large amounts ex- 
pended fto develop costly items of equipment for applications, such as defense and 
space exploration, data describing these equipments are not maintained in well- 
structured, full-indexed files readily accessible to other potential users. 

Recommendation: Each scientific or technical community , including mis- 
sion-oriented agencies , should reappraise its current procedures for managing 
and handling scientific and technical data, especially in regard to their ade- 
quacy for conservation of the data as a costly and potentially reusable resource. 

Each community should establish a focal point and procedures to identify 
the characteristics of its data resources, to articulate data management objec- 
tives, and to formulate plans and programs to implement data handling systems 
development or other actions to achieve the goals of the community. In effect, 
each community should create a body (office, committees, etc.) to serve as a 
spokesman and. coordinator for the cooperative data activities of the com- 
munity. Such data activity coordinators might be housed in professional societies, 
trade associations, educational institutions, or government agencies ; however, 
participation in the activities of the coordinating body should be open to all 
members of the community. In fact, the ability to assure a large involvement 
of the community in its activities' should be a prerequisite for recognition of the 
coordinating body as the designated agent to participate in National Scientific 
and Technical Data Program development. In addition, such groups should 
explore the feasibility and potential utility of data, indexes or inventories, data- 
source referral services, computer-composed handbooks, computer-maintained 
data banks, and other means of maintaining arid increasing the utility of the 
data base serving a given community of users. The coordinating body should 
serve principally to act as an initiator for the development of such service; how- 
ever,., if other means are- riot feasible, ; the coordinating body could undertake 
provision of such" services. Y ■ ; Y , , V; /;* I . . . . ’ 

^Conclusion: There is inadequate knowledge concerning the nature {quantity, 
quality , location, ownership , usefulness, etc.) of existing scientific and technical 
data to permit optimum design of natiimal data management programs or data 
handling systems'. ... \ \ /• ' Y Y .‘J, Y ’ • . Y ' V • ' ’ ‘ 

It is amazing that, despite the large expenditures for generation of data and 
level of sophistication generally acknowledged to exist in administration of 
scientific and- technological activities, a comprehensive inventory of data does 
not currently exist for any of the major communities in science and technology. 
As a., consequence, many important decisions, concerning ; either scientific and 
technological programs or data handling, are made with little detailed informa- 
tion concerning the available data resource. In many cases, Federal contracts 
or grants ! arie . awarded for generation of new data when the awarding agency 
is unable to supply the contractor or grantee with information concerning the 
nature, quality, availability, etc. of previous measurement results. 

Recommend aticni: A National Index of Scientific and Technical Data should 
be developed. Such an index is essential if data management is to be planned 
on a systematic basis . Also, such an index tcould be immediately n seful to 
scientists arid technologists who currently expend as much as 30% of their 
working hours searching for data required to perform their job. 

The index envisioned ; Is/n ot one! single, comprehensive Index ; rather, it would 
consist of sub-indexes 'covering .the data -resources useful within individual com- 
munities. The initial index should . coverexisting scientific or /technical data files, 
data reference tools such as handbooks, and computer processible data. Subse- 
quently,; it, could be extended and refined to index data at the document level. 
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The form of the index should be adapted to the Teqnirmmmts of the asing com- 
munities. In many cases, the index will be nmstuse^lif^mpiled and 
talned in a computer searchable form. The National Index could pursued 
as a central element of a National Data Program with the “^ex conflation 
activities in each scientific or technical community being coordinated, by a se- 
rS ^gnnization such as a professional society or trade association. Com- 
mercial firms could disseminate the Index in either hardcopy or comp 

Pr OcmcJtision 0 ™ederaZ policy relative to scientific and technical data 
mentmust recognize and facilitate maximum, use of the existing scientific and 

Sc”e™ e^has Postered wide dissemination and accessibility to Vf^^owledee 
with restrictions limited largely to those conventions required to acknowledge 
the generator. To a lesser extent, copyright has been employed to enable the 
publisher to maintain an economically viable channel for dissemination erf data. 
In contrast, mission-oriented agencies ot the iFederal r1 n ' 

mercial firms frequently restrict the distribution or accessibility of 
which they generate. In some instances, it is because the agency or firm does not 
wish to disclose its position; in other cases, the agency or firm has no desire 
to restrict the data, but has no incentive to expend the funds and/or effort 

required to make the data available to other users. ' ' 

Recommendation: The Federal Government should establish a policy to encour- 
age the accessibility of scientific and technical data to as many potential users 

09 &uch ^"policy would not conflict with full recognition 

of individuals or organizations. Rather, it would be promulgated ^ specific 

delineation of private data (data which an mdividnal or or ganizafn docs 
not desire to disclose dr release), proprietary data (data which the ownfor 
nossessor will release' under prescribed conditions such as (payment of a xee), 
^dimbllc data (data for which ownership and possession Is in the^ public 
domain). Government support should be given to efforts foruemoval of the .^r- 
rie-rs which result in data being restricted when, in <f5adt, the owner w holder 
has no objections to use of the data by others. .. ^ 

Initially, the Federal Government should take actions to see that data gen- 
erated under its sponsorship is managed so as to assure - maximum use. For 
example, all Federal research and development programs should dareot a mini- 
mum level of effort to -this objective. This should he supplemented by. central 
<dearinghbuse which would support the special data husbandry operations re- 
quired to move data from a restricted or limited use context (e.g., an agenoy 
project file) to one where the data has higher visibUity- and greater use potential 
(e.g., a government-issued index to data of potential interest to a specific user 
group- either government or non-go ^^veTJment) :^ ' ' ' ' * i 

In addition, where commercially generated data’ have high utility for a large 
or significant segment of a scientific or technological community, the Federal 
Government should be prepared to un derwrite the cost of organizing and dissemi- 
nating the data. However, this should be undertaken only when costs or other 

factors preclude such actions by commercial service firms. _ _ 

Conclusion: As data handling becomes increasingly automated , the need for 
standardization^of data handling methods will become increasingly important 
to the National Scientific and Technical Data Program. > ■ 

T\> a lesser extent, there will also be factors leading to increased need for 
some standardi zation of the form and quality of data. Howevdr, any ^tep® towards 
Eftandardiaartion of data form and quality must be taken with caution and with 
a full appreciation of the Implications for the conduct of scientific and technical 
work. As -the major supporter Of Scientific and technical work, the Federal Govern- 
ment has a vital interest; as well as -the means, to assure that standardisation 
requirements are delineated and implemented. 

Recommendation: The Federal Government should take action to assure 
development and application of standardized methods of handling basic scientific 
data, especially those automated methods broaddy applicable to data systems in 
more than one field of research . f r 5 

Scientists in specific areas of research must make the final determination of 
whether standardization of measurements . and . data is feasible or desirable. 
Whereas, Government-in itia ted standardization of data handling methods sup- 
porting research on a b road basis appears desirable, standardization of data 
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handling methods supporting development or applications activities does not 
appear warranted except within specific Government-development programs. 
Industry, through cooperative arrangements, should be encouraged to upgrade 
and standardize its developmental and applications data activities. In situations 
where it can be shown that standardization will contribute to a better integrated 
and stronger national scientific- and technological competence, the Federal Gov- 
ernment should, if required, subsidize standardization efforts. At a minimum, the 
Government should provide increased technical assistance and financial support 
to standardization activities. 

Conclusion: The diverse conno tat ions assigned by different communities , orga- 
nizations, and individuals to scientific and technical data, data artifacts , and data 
management and handling efforts constitute severe harriers to systematic plan- 
ning and evaluation. 

For example, in engineering and other application-oriented activities, data 
is frequently used to connote all documentation required for accomplishment of 
the scientific and technical objectives of the project, program, or organization. 
Whereas, in research or discipline-oriented activities, data is used to connote 
factual information as contrasted to conceptual information. Further, a prelimi- 
nary review of the currently accepted definitions in the various Government 
agencies are not consistent. One result of this non-standardization is inefficiency 
and increased costs incurred by contractors and other non-government organiza- 
tions who deal with more than one government agency. 

Recommendation .* The Committee on Scientific and Technical Information 
(COS ATI) should promulgate a set of definitions which delineate (to internally 
consistent set of terms covering scientific and technical data activities. 

These definitions, if carefully formulated, will provide a guide to encourage 
consistent usage of scientific or technical data terms throughout the Federal 
Government. The existence of an acceptable set of terms will facilitate the es- 
tablishment of more precise and effective policies and procedures dealing with 
data activities. Specifically, it will facilitate acquisition of data from non-govern- 
ment sources and will make it easier to communicate concerning data between 
government offices, i V s; ...• ••••. 

Conclusion: Just as science is international , scientific and technical data ac- 
tivity is often international in scope.} 

In many : areas . of science and technology, such, as atmospheric science, it is 
very important to obtain data on a world-wide basis. Where these needs exist, 
many scientific and technological communities in the United States, through the 
International, Unions and similar organizations, have become, participants in in- 
ternational data activities. .Currently, much international data activity involves* 
multi-nation efforts to collect data on as world-wide basis. In many cases, these 
data will constitute a part of the data base which future national data systems 
must handle. Consequently, it is critical that U.S. participation in such activities 
be planned and conducted on the most informed basis possible. A current problem 
is that the attention which responsible offices have been able ? to give to this ac- 
tivity ha ra not rkept- pace with the increasing volume and: importance of interna- 
tional datli activitiirrf:, .;*.V • fi 

Another Jhls question the immense size of the total data manage- 

ment effort s the fct^cannot hope to independently perform this function for all 
areas of science, and- technoloj^/a^ • o d- v/ •;» « « v « .• :• -.Vi.- ■■ 

Recommendation: Offices in the Federal Government designated as responsible 
for representing, U.S. interests in the area of international data activities should 
be strengthened not only to permit- them to better, represent U S. interest, but 
also to, enable: them to establish fetter communications arid working relationships 
with on-going activities in the U.S. :^r t :■ 

> The requirement for effective coordination of U.S. Involvement in international 
data: activities and program development is expected to continue to increase 
as data: management becomes more; formalized, and v national data systems are 
developed, ?lt. will become ; increasingly imnortant to guard against unilateral 
actions by individual; organizations or communities. Also, a means, must be 
established to / determine j which areas of scientific, and technical data manage- 
ment the U.S. will undertake jointly with other countries and which would best 
bepursue^ totally or largely by. the U.S. , , 

B ‘ ! Current issues and problems^-ndture and possible resolutions 
,^ ( '.(?p^^siqn of classifical methods for struct inn com- 

municating scientific arid technical data in current working contexts has created 
unnecessary apprehension. 
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The more evident symptoms of this apprehension include fears, suchae i those 
voiced in the Weinberg Report, that science could lose its unity and eflfedtiven^ 
by fragmenting into a mass of repetitious findings, or worse, into conflicting 
specialties that are not recognized as mutually inconsistent. Subs' equent study 
indicates that the existing apprehension represents ’ the expected, preamble to 

a significant change in data management and handling methods. a 

Recommendation: The currently evolving expressions of need for large-scale 
scientific and technical data handling systems should he viewed as a response 
to opportunity , not an act of desperation to avoid inundation by the flood of data. 

Science and technology has not only generated massive quantities of data , 
has also developed computers and other tools which offer unprecedented oppor^ 
tunities for improved management and handling of this data resource. In fact, 
these tools, if properly applied, offer the potential for quantum increases in the 
uses of data, thereby not only increasing the return to supporters of science and 
technology but also reducing the total cost involved. The nation should no longer 
tolerate only partial use of data ; data is not consumed by use, but rather gam 
information value with reuse. - , • ' . „ ' ... 

Conclusion : Current research and development administration t especially with- 
in Federally-sponsored programs , frequently gives preferential consideration to 
research or development to generate scientific and technical data over activities 
directed to assembly, evaluation , and application of existing data. . . . 

It has been stated on several occasions that the individual scientist is 
frequently encouraged by diverse factors, some sociological and some related 
to the current nature of research funding and a dm i n istration, to undertafce 
new, measurements before fully digesting previous measurements. In many 
instances, individual scientists or technologists, as well as research and develop- 
ment projects, have found it easier to repeat measurements than to locate the 
results of previous measurements. Such regeneration of data can be very ex- 
pensive, especially if it should require flight testing of a supersonic aircraft such 

as the RB-70 or launching of an instrumented satellite. 

.Recommendation: Each Federal research and development program should be 
required to allocate a minimum percentage of its budget to husbandry and con- 
servation of the scientific or technical data generated by the program. 

For example, basic research programs might allocate 10%, applied research 
programs 15%, and developmental programs 5%. These funds need not he 
identified as line- items in the agencies’ budgets, but an annual report of com- 
pliance should be made to a contralized review body such as the Bureau of the 
Budget or the Office of Science and Technology. The intent of this recommenda- 
tion is to assure that a reasonable effort is expended to conserve data generated 
by Federal expenditures and to assure that it is readily accessible for ■ applica- 
tion in either other Federal pTOgrams or in the other sectors of our society. 

Conclusion: Although essentially the same problems are observed in data han- 
dling activities in the different fields of science and technology, no mechanism now 
exists for the coordination of efforts toward solution of these problems. ^ - 
Perhaps, the reason for so little comparison of experiences is the belief widely 
held by the directors of data-document depositories, data-evaluation centers, etc. 
that the problems 5 faced by each data handling effort are unique. Although^his 
study has confirmed the uniqueness of some aspects of data handling efforts, it 
has also found that most efforts encounter similar difficulties in the areas of 
application of hfiw technolbgies, financing of costly dev elopment ^efforts, and re- 
crultmeat amd retention of capable personnel. Algo, present operation philosophies 
do not indicate an awareness of the potential interaction between data efforts 
serving a common community <xf ‘science or technology/ The current evaluation of 
the effectiveness of many of these efforts is that it is very low because .they do 
not permit effective interaction between the data resource and the potential 

Recommendation: The Federal Government should establish an information 
center to serve as a depository and dissemination agency for inf ormation dealing 
with design, development, operation and management of scientific and technical 

The ^center should serve to support participants in the National Scientific and 
Technical Bata Program, especially the National Advisory CouncU for Science 
and Technology. The services of this center should be extended to non government 
as well as government offices. Such a center could be established by consolidating 
and augmenting some of the current ‘ information service adtivities of the NBS 
roh Information Oenter and Advisory Service On Information Processing, 
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the NSF Office of Science Information Service, and the Bureau of the Budget 
Management Study File. 

In addition, professional societies, such as the American Society for Informa- 
tion Sciences, should establish panels or subgroups of data system professionals 
and should undertake development of publications and meetings to communicate 
developments concerning scientific and technical data management systems. In 
addition, the roles and functions of these existing efforts should be re-examined 
as part of the National Scientific and Technical Data System planning. Careful 
consideration should be given to ways in which the operations of the efforts 
serving a given community of users could be coordinated to contribute more to 
effective data management. 

Conclusion: Current requirements cure largely undefined . 

Additionally, effective methods are not available for predicting future data 
requirements. This factor, as much as any other single factor, has restricted the 
development of large-scale data handling systems. 

Recommendation: Existing data service centers such as the National Oceano- 
graphic Data Center and National Space Sciences Data Center , and new pro- 
totype data resource centers , should he used as test beds to study data service 
needs. 

Factors to be examined should include the effect of usage levels and user 
satisfaction resulting from the availability of different configurations of data 
services. For example, remote console access to a centralized data bank should 
be compared with desk-top microfilm servicea Other factors examine^ sheuKv 
include degree of data evaluation, format of data presentation, us^r charges, etc. 

Conclusion: Current scientific arid technical handling practices do not fziUy 
employ available technologies. 

Despite extensive use of computers for performance of mathematical computa- 
tions, science and technology have only recently begun to exploit the computer 
<as a tool for structuring, storing, and maintaining large files or banks of scientific 
and technical data. A more mundane example of the lagging use of technology is 
evident in the current practices for composing and disseminating data documents 
or artifacts. For example, despite the technological capability to maintain hand- 
books essentially current, most handbooks are ?Ive years or more out of date. 
If significant advances are to be made in the application of new technologies, 
knowledge must be gained concerning the effectiveness . of these new tools for 
performance of specific data management and handling functions within -real- 
world work environments. . ? v •: 

Application ofcurrently available, data handling; technologies offers potential 
for substantial increases in the utility of the existing scientific and technical 
data resource. This increased utility can be achieved by two means, first, by 
performance of current: activities in a more effective manner ; and second, by 
using new technologies, to conduct activities previously impossible. An example 
of the first means would include computer maintenance and searching of indexes 
to data. The second application, which offers the greater potential, is to use 
large automated data files; to perform pattern recognition or types of 

higher .level analyses. Another new use potentially exploitable is computer-aided 
design which brings the data and the computer into the daily work pattern of 
the scientist or technologist. : ; . ^ 

- Recommendation: The Federal Government, professional societies , trade asso- 
ciations, commercial publishers, and other collectors and disseminators of 
scientific or technical data should exp lore means of applying , modem technology 
for more effective assembly and dissemination of scientific and technical data. 

Areas to be examined should include use of computers to maintain the data 
base and compose handbooks. Also, microfilm and computer processable media 
should be more extensively used to disseminate data, in appropriate cases, data 
should be disseminated in more directly useful forms such as in combination 
with computer programs for designs, diagnosis, or other applications of data. 

The Federal Government should sponsor demonstration projects in which 
innovative data handling tools and media would be tested. Some of these demon- 
stration projects should be in government programmatic contexts and some in 
non-government contexts. These demostration projects should be conducted as 
controlled experiments with results carefully documented for educational and 
training purposes. > Where possible, existing projects intimately associated with 
on-going research, and development should be used as demonstration projects. A 
typical candidate project might be the National Institutes of Health Chemical/ 
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Biological Information Handling Program. This program was only recently 
initiated and is intended to develop an on-line data system to serve the researchers 
involved In the NIH Toxicology Research Program. . . . 

Conclusion: The lag time between data generation and dissemination using 

traditional publications is frequently from two to five y ears. 

This lag time is caused by several forces and conditions which prevail primar- 
ily in the scientific community. First, the practicing scientific invest^tor is 
motivated to publish data only upon generation or verification of » significant 
theory or hypothesis; and data generated at the outset ofa 

gatdon may therefore not be published for several years. Secondly, the time lapse 
between preparation of a paper and actual publication maybe as much as one 
year, because of the slow review process and the backlog of papers^ that exist 
in scientific fields. Thirdly, the additional effort required to publish data which 
do not relate directly to interim investigative conclusions, deters and sometimes 

ell fteco^ should be developed to more directly couple ex- 
perimentation, tests, etc. with data systems. ..mgjo.i1 

As on-line use of computers in scientific investigations becomes a widespread 
reality, automated data hanks should he developed, particularly in the physical 
sciences, environmental, and geosciences. Pilot programs should be implemented 
to determine the feasibility of such data banks and to examine the associated 
problems, especially structuring and access aspects of such systems. 

Conclusion: Although the total investment applied to generation of data con- 
cerning products and processes far exceeds that applied to generation of basic 
scientific data, inadequate effort is expended by the Federal Government to or- 
ganize this data for secondary uses. . . , ., 

As an example, files and search procedures do not exist to permit a potential 
user to locate data describing previously developed equipment meeting a given 
set of performance characteristics. Such data normally cannot be located unless 
the searcher has informal knowledge concerning the probable location or the 

^Recommendation: Current efforts , such as the Department of Defense Engi- 
neering File, should be substantially accelerated, and other equipment develop- 
ment agencies without such systems should initiate study of their feasibility. 

A logical start toward such systems would be an inventory operation to de- 
velop an index to the existing files. If this were done in a number of^gencies, 
it would make a major contribution toward the National Index of Technical 
Data.- 

C. Systems development— Requirements and implementation concepts 

Conclusion: It cannot be expected that existing groups will cooperate in 
efforts to develop national systems where the purpose is intangible or Federal 
domination might restrict the legitimate freedoms of scientific groups, com- 
mercial firms, etc. " ' ^ 

Many scientists and technologists object, as a matter of principle, i to the 
involvement of the Federal Government In planning or coordination of scientific 
and technical data management programs or data handling systems. It must 

also be noted, however, that an equal or greater number recognize that neither 

the individual scientist and technologist nor the professional organizations have 
the necessary resources or have exhibited a capability to assume responsibility 
for creating data management and data handling systems responsive to current 

Recommendation: A National Scientific and Technical Data Program must 
be, planned and administered in a manner which accommodates the interests 
arid capabilities of- diverse groups and organizations. " . . 

The structures of data systems cannot be dictated by fiat from a top-level 
policy position. Rather, such structures must evolve from working-level re- 
sponses to real needs. In fact, national systems are already developing in this 
fashion The current need is for coordination and financial support of these 
evolving systems. Each scientific and technological community must be encour- 
aged to contribute to formulation of goals and implementation plans for national 
systems. This can be facilitated by the establishment of an office or other type 
of organization to' serve as a focal point for national level data system planning. 

This organization should he located and staffed in a manner which permits 
participation; not only from government but also professional societies, trade 

31-464 < 
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associations, industrial organizations, and educational institutions. Centraliza- 
tion of responsibility for national system development should be limited largely 
to programming and broad planning function?. Detailed planning implementa- 
tion and operation should be on a decentralized basis. 

Conclusion: The inability to define e single system structure responsive to 
all data management and - data handling requirements does not constitute a 
valid justification for delaying consideration of n&vo or improved data systems. 

Data management systems employing modern technologies such as the com- 
puter are still only in the concept definition phase. Current knowledge as to 
how best to use these tools will not support a crash program to create a large- 
scale, highly automated and totally integrated system. First, more must be 
learned as to which functions are most important and how each function can 
beet be performed. 

Recommendation: The present should be recognized as a timely point for 
initiation of national systems planning and development effort . 

It is anticipated that at least six years will be required to develop national 
data systems serving specific communities in science and technology. This period 
can be profitably used to explore alternate system configurations, and relative 
effectiveness in serving specific data management requirements. This effort 
should produce n base of knowledge which would substantiate later decisions 
relative to the extent to which such specialized systems could be integrated into 
a more unified system. 

Conclusion : Data management is in a state of transition which is being driven 
largely by the , introduction of computer and other improved data handling 
methods . . / " 

FOr the foreseeable fixture, data management must continue to be a decen- 
tralized process directed by the scientists, technologists, and administrators 
responsible for specific scienti&ft and technical endeavors. However, as data 
system management methods ana systems are developed and implemented, a 
capability will be created for management of larger and more complex sets of 
data. 

Recommendation: In the near future, efforts at the national level should be 
directed toward the development and test of systems or tools to facilitate 
better data 'management. 

Initially such tools or systems should be designed to facilitate currently defin- 
able data management functions, such as identification of the location of 
relevant data. As soon as data management functions are defined, data manage- 
ment requirements should be analyzed and articulated for workers at all 
levels from the bench scientists to the administrator of national scope 
scientific and technical efforts. This should be done jointly by systems analysts 
and the workers involved in each level of activity. • 

Conclusio?i: The most valid requirements for development of national scale data 
handUng systems, exist for syste?ns operating within scientific and technical 
communities rather than between communities^ 

.This conclusion is derived from a consideration? of the volume and frequency 
of intra-community communication of data versus inter-community communi- 
cations, And to a greater extent* it derives from the feasibility of being able 
to effectively vllentify intra-community data management and handling require- 
ments as compared to ; the feasibility of identifying such rer; uirements on a 
multi-wmm unity scale., :■? rz; /, 

. Recommendation: National data system development efforts should be focused 
on individual communities . 

• > These? communities will probably be defined on several bases. In one case it 
might be on the basis of the common discipline ; in another, it might be on the 
basis of a common mission objective ; whereas a third might be based on an 
interest in a type of process such as metal fabrication. < - 

Conclusions D at a handling systems are tools to faoiUtate data management. 

Therefore; implementation of effective data handling systems is dependent 
upon a prior definition, of data management objectives. Unfortunately, individ- 
uals currently attempting to develop data handling systems are frequently forced 
to proceed without adequate definitions of data management objectives. As a 
consequence,; the : data handling activity frequently fails, to interact effectively 
with the^ scientific or* technical program objectives. More specifically, many data 
evaluation ,-and service centers ;do not engage the individual scientists or engi- 
neer within his normal dally work routine. In contrast, the computing center 
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requires an explicit statement of the user’s objectives before it can undertake 
to serve him. Consequently, the computing center has become a vital element m 
the normal work routine of the scientist and engineer. 

A survey (Volume II of this report) of formal data efforts currently serving 
scientific and technological communities reveals that the data efforts serving 
any given community operate totally independently. In other words, they do not 
formally view themselves as facilitating accomplishment of a common set of 
data management objectives. , .. 

Recommendation: The total data management requirements of a community 
to he served should he examined prior to implementation of data handling sys- 
tems as part of the "National Scientific and Technical Data Program. 

This examination should not only include the management requirements which 
generate a need for archival data handling, but also those requirements which 
generate needs for data transmission and data processing associated with gen- 
eration or use of data. This approach will result in maximum service to the user 
because it not only will enable the user to have a voice in the system design, 
but will encourage the integrated application of different data handhng efforts. 

Conclusion: National scientific and technical data system development efforts 
must consider not only the scientific or technical field to he served by the system , 
but also the specific type or phase of activity to be served. 

For example, the public Interest (i.e., non-commercial interest) is high m 
discipline-research related data activities because such activities generate and 
maintain data widely useful in our current society* Whereas, non-public or com- 
mercial interest is greatest in product-applications data activities, economic or 
profit-oriented incentives are easily discernible in the case of product-applica- 
tions data activities ; whereas, they are practically non-existent in discipline- 
research data activities. Another relevant factor is the stage of development of 
a data system. It is likely that many data systems could be self-supporting once 
established. But the time and cost required to establish the system constitute the 

^^oomn^^tim: Federal support of national scientific and technical data 
programs and systems should be pro-rated according to the type of data activity 
served and the stage of the data program or system ^ ~ 

In effect, what is suggested is a cost-sharing plan whereby the Federal Govern- 
ment’s share is high for systems or programs to serve discipline-research or 
non-commercial data activities and low for programs or systems to serve product- 
applications data activities. In either case, the share of cost borne by the Federal 
Government would decrease progressively as the data system advanced from 
program planning, to system development, and finally, to system operation. For 
example, the Federal Government might bear 100% of th^cost^of planning^ for 
a data system to serve discipline-research in chemistry, ?5%_of the development 
costs, and 25% or lessbf the operating cost. In contrast, the Federal Government 
might bear 90% of the cost of planning for a data system to serve the food 
processing industry, 50% of the development costs, and none of the operating 

^^nclusUnt: To be effective, data service operations rrytist be complementary 
to the normal work routines of the scientist or technologist. ^ : , , 

Many of the currently operating data evaluation centers and other data serv- 
ice efforts are ineffectual because they are too far removed from the dally serv- 
ice needs of the worker. This occurs because the operations of these service* do 
not begin until the generator of the data has recorded, analyzed, printed and 
disseminated the data .Often four or more years pass between the date when the 
data are recorded and when a data evaluation center offers them to a secondary 

Recommendations A part of the National Scientific and Technical Data Pro- 
gram should be the development of integrated data resource: amd service centers. 

Data resource centers 1 which incorporate 'into' one facility several of _the data 
handling systems and services which the scientist or technologist now must use 
separately should be tested. The data resource center could provide the user ready 
access to data acquisition facilities, computing equipment, automated archives of 
relevant data, archives of computer routines, reactive display consoles, automatic 
report generators, and long-distancei communication * terminals. If -established 
within a project or other context where workers were engaged in a joint effort, 
the center could test techniques for communication from worker to worker as 
well as from worker' to a data resource. Such resource centers could also be used 
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to test the feasibility of on-line data reduction during experiments or tests,, and 
the concepts of working data files and archival data files concurrently accessible 
to a worker at his individual console. Preliminary studies indicate that such 
centers could be developed relatively economically. 

Conclusion: Data systems complement other information systems; However , it 
ta short-sighted to view data systems as simple extensions of document handling 
systems. 

This short-sighted view fails to give due consideration to the extensive inter- 
actions between the scientist or technologist and his data prior to publication. In 
recent years this interaction has increasingly involved use of the computer in 
analysis and evaluation of the data. This view also fails to give due weight to the 
large volumes of data which are exchanged through channels other than publica- 
tion, e.g., the data (specifications, engineering drawings, test reports, etc.) flow 
which occurs within a program to design and develop a satellite launch vehicle. 

During the past decade, an imbalance has developed between the emphasis 
which the Federal Government and other organizations have given to study and 
development of document handling systems as compared to the emphasis given to 
factual information or data handling systems. Practically all of the more 20 plans 
for national scientific and technical information systems put forth during the 
past decade have dealt exclusively with the problem of handling documents. Few 
of these plans seriously considered the extent to which documents perform opti- 
mally as the vehicle for the two major functions of information systems — com- 
municating and archiving knowledge. 

Recommendation: Data management and handling systems in their ultimate 
form 8 hould he viewed as providing a capability for a totally new level of inter- 
action between the scientist or technologist and the accumulated data resource. 

■This ultimate goal cannot be quickly realized, however much of the required 
effort Is already being expended What Is involved is not a radical change in level 
of effort ; rather, it is coordination and better direction of current efforts, supple- 
mented on a selective basis. Existing data programs could be integrated to form 
the major volume of operations in a national data system. As an example of a 
simple initial step, document handling systems could initiate indexing of the data 
content of documents processed. 

D. Systems capabilities — Assessments and remedial actions 

Conclusion: Current research and development directed specifically to study of 
critical factors important to development of large-scale scientific data handling 
systems is totally inadequate. 

A wide disparity currently exists between the technical capabilities of data 
processing and transmission devices and knowledge as to how best to apply these 
capabilities in scientific and technical data handling systems. Projects MAC and 
INTREX at the Massachusetts Institute of Technology, the laboratory automa- 
tion project at the California Institute of Technology, and the Information Re- 
source Center element of ILIilAC-III at the University of Illinois are representa- 
tive of the types of studies which are needed. These three projects illustrate the 
varying levels at which the national systems concept should be studied. 

Recommendation: The Federal Government should budget at least one-tenth 
of one percent , of its total annual ewpenditure on research and development for 
research on techniques and procedures for managing and handling scientific and 
technical data. ; - s .j,- -vy. 

This research should provide general support to data management and data 
handling activities and should not be directed to development of methods or tools 
for specialized applications. In order to assure efficient use of these funds, the 
administration of this research program should be centered in one agency, such 
as the Institute for Computer Technology at the National Bureau of Standards. 

Conclusion : . Current personnel and institutional capabilities are not adequate 
to support a crash program to develop a national scope scientific and technical 
data handling system.; , .. . 

Survey of professional societies, trade associations, computer service centers, 
etc and discussions with leading data specialists have revealed a low incidence of 
serious consideration of, or work toward, establishment of large-scale scientific 
and technical data handling systems. Exceptions to this general observation were 
noted only in operational- or mission-oriented areas of activity such as weather 
forecasting, air pollution control, etc, v->. - 

Outside of limited programs in Government agencies such as the Department 
of Defense, formal educational and training programs for scientific and technical 
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data specialists, scientists, and managers are, for all practical purposes, non- 
existent. In addition, sociological factors and career management practices cur- 
rently discourage the more capable scientists and engineers from engaging in 
scientific and technical data handling efforts. . ^ 

Recommendation: Information and data managers should he developed froui 
Uvo sources — one is the current population of working scientists , engineers, data 
processing specialists , etc.; the second is the current and future population of 
students in colleges and universities. 

As an interim measure, the Federal Government and other employers of sci- 
entists and engineers should search for individuals interested in scientific and 
technical data systems and should support the special training required for 
those individuals to become proficient in analysis, design and operation of mod- 
em data systems. Adequate training programs are not currently available ; and 
since the amount of training needed now and in the near future is substantial, 
employers should foster such training in any institutional setting where it can 
be conducted successfully. In addition, employers must provide incentive for 
their employees to undertake such training by establishing job positions and 
career development opportunities. In contrast to the interim solution, the long- 
term solution hinges on the colleges’ and universities’ developing the capability 
of introducing all students to modem data management systems, regardless or 
whether the student later becomes a data system specialist or a scientist or 
engineer who will be a user of such systems. 

Conclusion: Although data switching networks and computers are frequently 
mentioned in juxtaposition to one another , automated data service networks , for 
all practical purposes , do not currently exist within science and technology. 

Among the several reasons for this are: (1) An inability to define user needs 
which provide economically justifiable requirements for such data service net- 
works • (2) The current high costs of data transmission and remote access termi- 
nals ; and (3) The difficulty of structuring and maintaining centralized data 
banks of sufficient breadth to serve diverse user groups. 

Recommendation: Appropriate organizations should test the effectiveness of 
centrally supported , decentralized data resource centers as an alternative sys- 
tems concept to data switching networks. 

For example, the National Institutes of Health might support and provide 
centralized data collection and selected programming services for a senes of 
data resource centers located at leading medical research centers, or the Depart- 
ment of Transportation might support data resource centers at laboratories in- 
volved in highway safety research. Each local data resource center would be 
configured so as to use data files and manipulation programs furnished by the 
central service unit in the sponsoring agency. The users of the data resource 
center would augment the basic data file with locally generated data or data 
assembled because of high utility in local work. Periodically, the central service 
unit would obtain read-outs of locally generated data to ascertain if it should 
be packaged for distribution to other local resource centers. The initial tests or 
the local data resource center concept should be -conducted as controlled experi- 
ments with cost and effectiveness parameters carefully documented and ana- 
lyzed so as to provide guidance for planning of national data systems. 

A major objective of these tests should be development of data file structuring 
and access methods which are considered the key barriers to large-scale data 
handling systems of the future. ^ 1 ^ ^ 

Conclusion: There is an almost complete absence of criteria for the evaluation 
of the economic performance of current data handling efforts. 

Most past efforts to apply cost-benefit criteria to measure the effectiveness of 
data efforts have been inconclusive, due to difficulties in quantifying the benefits 
from the operation of such efforts. 

Recommendation: Cost-effectiveness should not he the principal criterion to 
determine whether or not efforts should he initiated to explore the feasibility of 
improved data handling systems. 

Until effective methods of data management and handling are demonstrated, 
effectiveness, rather than low-cost, should be the major aim of development 
objectives. ; ■■■'*' 

TIT - IMPLEMENTATION OP RECOMMENDATIONS A TIME-PHASED PLAN 

A series of recommendations concerning further study of scientific and tech- 
nical data systems (s) concepts were presented in the previous section. Most of 
these recommendations could be implemented independently ; however, as noted 
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previously, & major deficiency of current efforts toward data systems development 
is <a lack of a means for coordination or a focal point for integrative actions. Too 
frequently, when data systems of the future are discussed it is in terms of 
fantasies of the year 2000 rather than the actions to be taken in 1969, 1970, etc. 
This section embodies our major recommendations in an integrated, time-phased 
plan. This plan identifies a network of actions which constitute a desirable 
sequencing of major steps and indicates some of the interdependencies among the 
recommendations for study and implementation of national data system (s) 
concepts. 



A. Basic considerations 

As indicated in the introduction to this report, the Task Group has previously 
established three basic guidelines for effort directed to development of national 
scientific and technical information systems. These guidelines were : 

There should be no disruption of existing information channels ; 

Account must be taken of widely differing capabilities of existing systems 
and the realities of funding long-established practices, rapid changes in 
information technology, and the differing needs of various segments of the 
user communities ; and 

The Government cannot direct the private activities that form a major 
element of the national information capability — that it can only encourage 
them to join forces in a national system. 

Also, the Office of Science and Technology had previously enumerated four 
desirable characteristics of national information systems. First, the systems 
would minimize the duplication of human effort both in the generation of data 
from research and development and in the handling of information resulting 
from this effort. Second, national information systems would require the estab- 
lishment of certain standards for quality and form. Third, systems would not 
normally be operated by Federal departments and agencies, although excep- 
tions would be required in some areas of science and technology. Fourth, the 
responsibility for national system (s) would be fixed in one Federal department 
to focus attention and effort on a specific set of objectives and activities. 

Some of the basic questions examined in formulation of the recommended plan 



included:: .. . 

What are the principles which should guide national scientific and tech- 
nical data system development efforts? 

How can the present situation be best illuminated and analyzed to relate 
present operations and capabilities to the overall objective of a more effec- 
tive use of our national scientific and technical data resources? 

How can on-going efforts be promptly and effectively synthesized into a 
more unified and systematic total effort?;.; v 

What new or additional programs or systems will be required to either 
identify requirements or develop new means of serving existing needs? 

What should be the functional purposes of new programs and systems? 

What should be the relationship between the components, both new and 
old, of the total scientific and technical data program? 

What controls are required to assure that the national scientific and tech- 
nical data program ; and related systems can be developed and operated 
effectively and efficiently?*. . ' 

The implementation plan proposed is based upon.a belief that evolution of an 
effective scientific and technical data system must progress through the following 
stages: . ' ' ■- ‘ 

(1) Development of an increased awareness and understanding of current 
scientific and technical data resources, data management and data handling ca- 
pabilities, and data use factors by the many individuals and organizations who 
must participate in the future planning, development, operation, and use of scien- 
tific and technical tfatasysiems. ; 

(2) Application of systematic planning and evaluation methodologies to 
analyses of the data management and data handling system requirements for in- 
dividual communities and between communities within science and technology. 

(3) Coordinated application of improved data handling methods which 

satisfy the higher priority functional service requirements, especially those 

who are not currently being served, 

make optimal use of available personnel skill®, equipment capabilities, and 
existing data resources, and • 

• • • are acceptably econondeaL. | • ' 



179 



(4) Monitoring, evaluation, and refinement of data management programs 
and data handling systems to maintain a data system adequate to support na- 
tional objectives for science and technology. 

Efforts, to date, by the Task Group on National Systems have been directed 
almost exclusively to Stage 1 of the above sequence. The implementation plan 
presented, in this section extends this effort and outlines actions required to move 
through the remaining stages of national data systems development. The plan is 
not highly prescriptive as to the configuration and functional structure of na- 
tional data handling systems. Rather, primary emphasis is given to identification 
of actions which will evolve goals, competencies, and motivations which can be 
integrated into a comprehensive, yet decentralized program to achieve optimum 
utility from our national scientific and technical data resource. The recom- 
mended program should not, in fact cannot, be implemented on a crash basis; 
neither can its implementation be delayed if the U.S. intends to maintain its posi- 
tion of preeminence in science and technology. The plan is offered as a prelimi- 
nary blueprint for establishment of a National Scientific and Technical Data* 
Program. If the recommended plan is initiated in FY 1969, national scientific and 
technical data systems could be a functional reality as early as FY 1975. 

B. General plan 

From the onset of this study, the search for effective means to deveolp a na- 
tional data management capability has captured the attention, and remained 
the focal point of planning objectives. Study findings indicate that a fresh ap- 
proach to organization, new working relationships, a working appreciation for 
the apparent and subtle differences between the data management needs of one 
community and another, and closer dialogue between the individuals and organ- 
izations involved are required for improved national data management. The 
plan recommended is intended to evolve a transcendence from the scale of indi- 
vidual or single-organization level data management to a broader, cooperative 
national program. It would be futile to attempt to escalate current efforts to a 
national data management program before the goals and objectives of such a 
program were firmly established and understood. An orderly and systematic 
step-by-step transition is necessary so that current programs are not disrupted 
and so that the proper stimulus can be established to evoke a responsive attitude 
among required participants. The plan introduces the recommended program in 
such a way that its development will be user-oriented, that the program will be 
responsive to change, and that timely modifications can be made during the 
transition from current data management practices to those established by the 
National Scientific and Technical Data Program. X ? 

Study indicated that an effective data program must not only include both 
government and non-government participants but should provide for interaction 
of these two major classes of participants at all functional levels within the 
planned program. The functional levels covered by the plan are : 

Centralized programming functions. 

Planning and coordinating functions, and 
Development and operating functions. 

The centralizing programming function consists of establishment of policies, 
definition of priorities, husbandry of legislative and budgetary needs, and overall 
review and evaluation of program effectiveness. This function would be coordi- 
nated by the Office of Science and Technology with consultation from the Na- 
tional Advisory Council for Scientific and Technical Data. ' ' * 

The coordinating and planning function consists of a systematic effort to 
involve a larger segment, both government and non-government, of the scientific 
and technological community in a cooperative planning effort directed to upgrad- 
ing of existing data Services and systems and to formulation of actions leading to 
improved future systems. The National Advisory Council for Scientific and Tech- 
nical Data and its staff would coordinate the total planning effort with responsi- 
bility for coordination of detailed level planning assigned to two program offices — 
one for scientific data activities and one for technical data activities. The Na- 
tional Advisory Council ^ould maintain responsibility for integrating the plan- 
ning efforteet the two program offices, other organizations such as the mission- 
oriented government agencies, and its own study results into a unified national 
program plan. *' ! 

The development and operation function consists of implementation of pro- 
grams and plans. Initially, this function involves local study and examination 
required to evolve national program needs. In subsequent phases of the program. 
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thig function involves the actual development and operation of data management 
and da ta handling systems. These functions would be conducted by designated 
agents within the various scientific and technological communities. These agents 
might be professional societies, trade associations, educational institutions or 
government agencies. ... . 

The proposed Imple men tation plan (which is presented m detail in the report) 
contains four sequential and evolutionary phases, each of which is a prerequisite 
to succeeding phases and the ultimate objective. The following sections describe 
the plan and the sequence of steps involved in its execution. Description of the 
plan concentrates on the centralized programming and the planning and coordi- 
nation functions because the plan, itself, is intended to evolve a further definition 
of the development and operation functions. Also, the descriptions of the plan 
emphasize new programs and organizational responsibilities. However, it slmuld 
be noted that continuation and improvement of current data handling operations 
is a vital part of the recommended National Scientific and Technical Data Pro- 
gram. The new programs recommended are not intended to supplant existing 
operations but to extend coordinated data management and data handling opera- 
tions to additional areas of science and technology and to provide a means for 
coordination and improvement of existing programs and services. Panels of the 
National Advisory Council for Scientific and Technical Data provide a channel 
to assure that existing programs such as those of mission-oriented government 
agencies and agencies currently involved in collection of general purpose scientific 
data have an effective voice in the development of national program plans. It is 
equally as important to note that the Panels aLso provide opportunity for inputs 
from commercial publishers and other non-government interests. 

C. Phasing of the plan 

The implementation plan consists of four phases, only three of which have 
been detailed. The final phase, which is systems operation, obviously cannot be 

prescribed at this time. _ . 

Phase I — National Scientific and Technical Data Program, Definitions. This 
phase, extending for one year, can be viewed as consisting of two sub-phases. The 
first sub-phase essentially consists of establishment of the organizational struc- 
ture required to implement the plan. The second sub-phase is devoted to a more 
explicit definition of the program plan. 

The first sub-phase is initiated by review of the recommendations in this report 
by the Task Group, COSATI, and other advisory bodies to OST and the FCST. 
Assuming general approval of the recommendations, OST would initiate efforts 
to formally establish the National Scientific and Technical Data Program. This 
would involve coordination with affected Federal Agencies, the National Academy 
of Science-National Academy of Engineering, and exploration of the require- 
ments for Executive and/or Congressional actions required to establish the Pro- 
gram. The two Federal agencies most affected, the Department of Commerce and 
the National Science Foundation, each are currently operating under specific 
legislation relative to facilitating the utilization of scientific and technical infor- 
mation by the non-government segments of science and technology. Pertinent 
legislation includes Public Laws 507 and 776, both passed by the 81st Congress, 
and Title IX of the National Defense Education Act of 1958. However, new legis- 
lation may be required; either to establish specific authority for cost-sharing 
between these departments and non-government organizations or to establish 
a stronger justification for program funding. 

Major organizational structuring steps to be taken during this sub-nhase in- 
clude establishment of a Scientific Data Program Office in the National Science 
Foundation, and a Technical Data Program Office in the Department of Com- 
merce, creation of a Data Systems Technical Information Center to support the 
Program, and the organization of the National Advisory Council for Scientific 
and Technical Data. Figure III-l displays these organizational elements of the 
Plan and their relationship to other elements of the National Scientific and 
Technical Data Program. 

Another important preparatory action will be the establishment of minimum 
budgets for data management activities within each of the Federal Agencies 
performing scientific or technical research, and dev elo pment. 

The initial sub-phase would culminate with a White House Conference de- 
signed to inform the U.S. scientific and technological community concerning the 
Program and to enlist cooperation in its development.. 
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FIGURE m-X. PRINCIPAL ORGANIZATIONAL and PROGRAMMATIC ELEMENTS of the 

. NATIONAL SCIENTIFIC AND TECHNICAL DATA PROGRAM 

The second sab-phase involves development of the National Scientific and 
Technical Oat a Program Plan. Oaring this period, each of the major organisa- 
tional elements of the Program would formulate and contribute inputs to the 
Plan. Both the Scientific Data Program Office and the Technical Data Program 
Office would further define their program objectives and establish procedures for 
selecting and establishing priorities among scientific and technical data activities 
to be included in their programs. Simultaneously, other Federal Agencies would 
identify the -data management and handling projects within their respective 
agencies which would be coordinated with the National Program. These projects 
would be identified at the earliest possible date so that their interface with the 
National Program could be defined. ' . ' _ ' 

During this sub -phase, the National Council for Scientific and Technical Data 
would assemble a staff and establish contact with representatives of the various 
scientific and technological communities* Specialist panels would be selected and 
the panels would formulate inputs to the National Scientific and Technical Data 

Pr pha^e 1 1* would be terminated by the joint issuance of the National Scientific 
and Technical Data Program Plan by the Office of Science and Technology and 
the National Advisory Council for Scientific and Technical Data. 

Phase II— Formulation of the national Data System' Development Plan. This 
phase of two years duration is vital to the proposed plan. It is during this 
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period that requirements for data management and data handling systems will 
be critically reviewed both at the local and national level. Simultaneously, de- 
velopmental and prototype tests will be conducted to ascertain the adequacy of 
equipments and methods to meet data management and handling requirements. 

During this period, the Scientific Data Program Office and the Technical Dabs. 
Program Office will be pursuing two activities. First, they will each select a 
limited number of scientific or technological communities to participate in 
Federally supported data system planning and development programs. Funds will 
be provided to a selected organization within tho community for evaluation of 
data management requirements of the community and formulation of a data 
system development plan responsive to these requirements. The selected orga- 
nization, within each community will be required to obtain the cooperation and 
participation of other institutions in the community and will be required to follow 
general planning guidelines established by the Data Program Office. The latter 
requirement is intended to facilitate review of the plans and to permit study of 
similarities and differences of requirements from community to community. It 
is anticipated that an inventorying ot indexing of the data resource of the com- 
munity quite likely will be a part of the procedure employed to ascertain data< 
management requirements. A second activity of each Program Office will be 
support of prototype efforts to develop methods or to initiate services which offer 
unusual potential for improving the management, dissemination, or use of data 
within specific scientific communities. These prototype tests would be selected 
not only to alleviate specific problems but also to identify those methods and 
services which should be considered for implementation on a broader scale. For 
example, the Technical Data Program Office might explore the utility to com- 
mercial food processing firms of a data-, resource referral service which provided 
access to data files created by the activities of the Department of Agriculture, 
DOD Quatermaster operations, etc. The Scientific Data Program Office might 
explore the feasibility oi creating an index to the data content of the journals 
serving a given community of researchers. All of these prototype services would 
be carefully monitored to ascertain their potential application to national systems. 

Whereas the Scientific Data Program Office and the Technical Data Program 
Office would direct their support largely to specific communities, a concurent 
program centered within the Department of Commerce would support tests of 
new methods and services broadly applicable to the data management require- 
ments of several scientific or technological communities. This program would 
emphasize the adaptation of computer and other technologies to data handling 
functions. 

During this phase, non-government organizations would begin to play an 
increasing role in formulation of the National Data Program. Professional 
societies, trade associations and other appropriate organizations would apply 
to the Scientific Data Program Office or Technical Data Program Office for plan- 
ning grants for their communities. Once selected as the designated organization 
fc id awarded a planning grant, the professional society, trade association, etc. 
would coordinate the evaluation and planning effort, making sure to provide 
.’or participation of all interested groups In the community. The designated agency 
would culminate its participation in this . phase of the program by submisson 
of a data system development plan to the sponsoring Data Program Office. This 
develoment plan, would be formulated specifically to meet the requirements of 
the community and might be highly complex or simple, and might require extensive 
or little change in current data mangement and handling practices in the 
community. ■ . 

During this phase, the National Advisory Council for Scientific and Technical 
Data, its staff and panels would be studying inter-community data manage- 
ment and data handling requirements. In addition, these bodies would be formu- 
lating plans for Integra ting appropriate data management and data handling 
efforts into a national program. These efforts would terminate in the joint issu- 
ance with the Office of Science and Technology of, a National Data Systems De- 
velopment Plan. This plan would integrate findings from prototype tests of 
methods and services as well as the system development plans generated by 
individual scientific and technological communities. It would also integrate 
findings from operations and analyses conducted by the mission-oriented agencies 
of the Federal Government. Since these data handling operations are intimately 
associated with on-going research and development efforts and would have a 
longer opera ting history than any of those initiated and tested under sponsorship 




of this Program, their contribution to formulation of the National Systems En- 
velopment Plan should be substantial. 

Phase III — Development of National Systems. This phase of three years dura- 
tion will test the feasibility of national data system development. During this 
period, several systems will be under development concurrently and will un- 
doubtedly differ substantially as to structure and functional purposes. Each of 
the Data Program Offices will be contributing to support of development of full- 
scale data handling systems to serve specific communities of scientific or tech- 
nological activity. A significant part of the activity during this phase of the 
Program will be devoted to development and testing of methods and facilities 
for serving the data handling needs of specific communities. These facilities may 
be centralized or decentralized depending on the needs of the community served. 
However, considerable attention will be given to questions of standardization to 
assure an optimization of compatibility between all systems being developed as 
part of the National Scientific and Technical Data Program. The National Ad- 
visory Council will study standardization requirements and make recommenda- 
tions to be promulgated through the Data Program Offices. 

Whereas the development effort within specific scientific or technological com- 
munities will be largely evolutionary, the development efforts within Federal 
Agencies will be increasingly integrative especially in the area of general pur- 
pose data collection. Through its appropriate Panels, the National Advisory 
Council will continue to study and develop plans for consolidation of the data 
activities of Federal Agencies wherever it can be shown that such consolidation 
would result in more effective national use of the data resource. 

The development phase will be terminated by a review of development and 
integration efforts. This review by OST and the National Advisory Council will 
precede the shift of systems from developmental to operational status. 

Phase IV — Operation of National Systems . This phase of the Program will 
increasingly Involve non-government organizations for it is hoped that many 
such organizations will voluntarily participate in the Program without requiring 
government support of development operations. This should become increasingly 
feasible as effective methods are developed and the benefits accruing from data 
system development are demonstrated. It should be noted, however, that it will 
probably be a considerable period before the Federal Government can terminate 
its support of data system development efforts. In fact, it can be anticipated 
that even after the first scientific and technological communities reach an opera- 
tional status with their systems, other communities will not yet have initiated 
determination of data management requirements. 

D, Special implementation considerations 

1. Fiscal Factors: In the previous sections of fids report, current technical 
data activity has been characterized, key problems ;&.od opportunities identified, 
informed judgments 'Concerning national systems aspects marshalled, and spe- 
cific policies and actions recommended. A national data program that embodies 
these recommendations has been articulated and a phased plan for its imple- 
mentation has been structured. If this plan is placed in effect promptly and 
supported at the level recommended, it can be expected to yield operational 
data-system activity, nationally bigifi.^cant in its volume and character, by 1975. 

Within the Federal R&D program activity,® the means exist to create virtually 
overnight a major shaping force for future national data systems. It can be 
implemented by adoption of our recommendation that each agency allocate a 
designated minimum percentage- of its budget to husbandry of the data gen- 
erated by the program. Based on the suggested ‘ “tithi \g” criteria of 10% for 
7- aide research programs, 1'5% for applied research, and 5% for developmental 
programs, an activity level in the Federal agencies of approximately $1.35 billion 
per year would thereby be identifiable as related to the National Scientific 
and Technical Data Program approximately three years after the Program was 
initiated. ; - 

It should be appreciated that this effort level is a relatively modest fraction 
of the estimates others have made of data activities m Federal programs. For 
illustration,, activities associated with general-purpose data collection are esti- 
mated as over $400 million annually : DOD data-activity costs are variously 
est ima ted as betwevn $2 and $3 billion annually. The program and reporting 

s Federal Funds for Research , Development , and Other Scientific Activities, Fiscal Years 
1966, 1967 and 1 9 68, Volume XVI : National Science Foundation, NBF 67-19. 
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accountability suggested in this recommendation therefore should impose mini- 
mal burdens on programs Containing any reasonable present level of data- 
husbanding activity. 

An estimated $71.8 million of “new” money, or about 0.4% of the R&D budget, 
will be required initially to fund the national-level planning, development, and 
support offices of the Program, Fundings should be expected to increase appre- 
ciably over the initial 6-year period covered by the recommended implementation 
plan. It is expected that a $100 million budget level would be reached by the 
sixth year and. would then recede to the initial budget level which would then 
be maintained for a number of years. A breakdown of the budgetary allocations 
considered appropriate for the second year of the plan follows: 

Million 



National Advisory Council $2. 5 



Scientific Data Program Office : 

(50 percent) data system development program (matching funds) 16.0 

(30 percent) special data services ... 9. 6 

(10 percent) supporting research ! 3.2 

(10 percent) auirrinistra tlon 3.2 



(100 percent) total-. 32.0 



Technical Data Program Office: 

(40 percent) data system development program • 8.24 

(40 percent) special data clearinghouse service 8. 24 

(10 percent) supporting research 2. 06 

(10 percent) administration 2. 06 



(100 percent) total - 20.60 

Data Systems Technology Program Office 16. 70 



Total — ; 71.80 



These activity levels are believed sufficient to establish a program activity 
that has some reasonable chance of producing meaningful development actions 
at the national level. We think it particularly important that the Program, 
from the beginning, begin to function as a facilitator of advancement in data- 
management activity in major data-producing and data-using institutions. It 
will be noted that the “new-money” level proposed is intended to facilitate such 
developments nationally, and also that it totals only 5% of the Federal data 
activities to be identified and accounted for by the National Scientific and Tech- 
nical Data Program. 

As a matter of somewhat incidental interest, initial funding for the Scien- 
tific Data Program was established as 0-5% of the basic and applied ^search 
budget of the Federal Government. The Technical Data Program fund was es- 
tablished as 0.2% of the development budget, and the Data Systems Tech- 
nology Program as 0.1% of the total Federal B&D budget. 

Over the 6-year development cycle projected, the functional efforts of the 
National Program will fluctuate appreciably in scale and character. Figure 
III— 2 reflects a current estimate of the magnitude and pattern of these changes 
through to the point characterized by continuously operating systems. 

As inferred previously, the Initial year or Phase I of the Plan will reouire 
only a small amount of funding. Such funds can probably be obtained from 
existing agency budgets for FY 1969. The second year of the Plan, FY 1970, 
would represent the initial year for specific funding for the Program. From 
this initial level, the amount of funds expended in the Program would increase 
much more rapidly than the funds budgeted specifically for implementation of 
the Plan. Some of these funds would be contributed by non-government partici- 
pants in the form, of matching contributions to program costs. A much larger 
increase would result from identification and coordination of other Federal 
Agency data Management and handling activities with the new elements of the 
National Data Program to be established in accordance with this Plan. The 
latter aggregation of existing Federal data activities will account for much 
of the increase in the level of implementing and operating effort shown for 
Phase IV in Figure III-2. 
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RELATIVE EFFORT LEVELS EN THE FOUR 
^ PHASES OF THE RECOMMENDED NATIONAL DATA PROGRAM 

2. Technical factors: The discussions and recommendations of this plan em- 
ploy the simple term “data” for what is clearly evident as extremely dynamic 
and diverse congeries of fact-matter within the national and international 
patterns of scientific and technological activity. This diversity must he dealt 
with realistcally as the National Scientific and Technical Data Program is 
implemented. Broadly, it constitutes an underlying reality that cautions against 
approaches that can founder by being too inflexible. 

.Some of the technical and economic factors that significantly affect implementa- 
tion concepts are : 

Physical growth of a specific data body calls for progressive change in 
d ata-ruaixa gexaent methods. Technologically desirable “housekeeping” of th 
body may call for special c^ssietance to the data-handling Institutions im- 
plementing the transition from one stage to the next. 

Intellectual growth of a subject field requires a continual housekeeping 
effort on terminology, a responsibility traditional to the professional society. 
In addition, a field will sometimes go through a revolutionary reform, in its 
conceptual structures, as the . field of chemistry did when the phlogiston 
theory was overthrown, or when key methodologies such as instrumental 
chemical analysis began to replace “wet” methods. The work required to 
reform data languages and structures, and to generate new data bodies can 
be massive under such circumstances, and at times will justify implementing 
aid. Technology transfer program activity is a sphere of current importance 
that may generate need for translational dictionaries and similar tools highly 
relevant to the ta program. 

Growth or di ersification of the population using a data body, or a shift 
in its demand patterns, is another factor than can generate new implementa- 
tion requirements for data service. For example, high-technology practices 
have created new demands and also provide potential new support for more 
rigorously validated data resources and more responsive services than have 
been traditionally demanded. 

3. Sociological Factors: Sociological factors affecting implementation are prob- 
ably more controlling than the technical and economic factors. Probably the most 
powerful! one, fear that new data programs will compete with or weaken existing 
systems, is too familiar to need elaboration here. There are, however, some we 
can identify as specific and probably important within the scientific and techno- 
logical community existing today : 
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The community does not, in general differentiate the data, activity and the 
potentials for improved data activities and systems, from information activity 
as a whole. Data-oriented discussions, however, have readily awakened 
awareness and frequently strong enthusiasm. We have the sense of a strong 
latent recognition of the potentialities in breaking new ground with data 
programs. The essentially fallow ground now existing requires at least a 
modest educational cultivation. However, a thoughtfully framed program 
dropped into the present near-vacuum may thereby gain adherents much 
more rapidly than if it had to find its place among a diffuse array of pre- 
existing; inevitably competitive activities. 

Major data programs will produce more conscious recognition within the 
community of the potentialities for technological use of scientific data. They 
should have the effect of promoting science-based technological approaches, 
and of stimulating work within the community on better-codified terminology 
linkage between scientific and technological languages. In implementing 
the data program, important benefits should result by drawing the com- 
munity into the language-codification activities required to create adequate 
intellectual control of the data-handling systems that will be developed. 

The typical scientist and technologist has not been accustomed to view 
technical tools such as his data resources as also being a national resource. 
In part, this is the result of the phenomenologicaJl nature of most scientific 
and technological data, whose nationally significant attributes principally 
associate with their management rather than their substance. 

Priority and Inventive Factors: The supply of development support funds 
provided for the Scientific Data Program and the Technical Data Program can 
he expected to prove much than the demands made on them for data 

program deveH;;ment cost sharing. This situation should promote sound and 
vigilantly administered support commitments. It should also constitute an impor- 
tant education all exposure for Program specialists whose advice would normally 
be sought when major system priorities are under discussion. 

A source of genuine expertise must be developed during the early years of the 
Program to prepare for the crucial decisions when operational system priorities 
must bo weighed. The complexity of (these considerations? ha s become strikingly 
apparent in this exploratory study : as more is learned, we expect further com- 
plexity to become evident. 

We also expect that sound rationales can be developed for identifying the 
significant value elements of a proposed data system development program. We 
believe the following factors are significant when evaluating the benefits expected 
to accrue from data system development efforts and expenditures : 

Economic .—^ Generation cost ; commercial value; national security contribu- 
tion ; gross national product contribution. 

OtonersKip — -Private ; proprietary ; public. 

Source.- — Generated, acquired. 

Usage . — -Uniquely applied ; routinely applied; number of users; degree of 
interdisciplinary usage. 

Processing . — Obsolescence rate; degree of knowledge structuring; volume; 
existing systems orientation ; compatibility with ADP format. 

Amenity to Systems Management. 

The Science Communication, Inc. Report rates each major field of science 
and technology in terms of the above factors. 

Refinement of methods for establishing priorities and optimizing return on 
data system development expenditures constitutes a critical requirement if the 
National Scientific and Technical Data Program is to be implemented efficiency. 
At least initially,, however, the selection of areas for program development can 
probably be made on the basis of less systematic and more intuitive bases. For 
example, the; competence of the individuals or organizations applying for Fed- 
eral support could easily become the over-riding consideration, for currently 
high competence in data system development is exceeding scarce. In order to 
attract the best available data system development competencies, it may be 
desirable to publicize the Program under a designation such as Project Data- 
phore. This title would emphasize the Increased functional utility for data which 
is the main objective for the proposed Program and National, System Develop? 
ment Plan; ‘ *'’* ' v ’ 

That sj>ecial activity which we call science began as a collection and 
classification of facts or data. Scientists classify data into patterns, 
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associate data, and thus establish the relate ships between them. It 
is widely recognized that scientific progress is served by and is depend 
ent upon maintaining, expanding, and refining the structure of related 
sets of scientific data. Conversely, it is less often admitted that cur- 
rent methods for performing this data management function are less 
than optimal and fail to utilize fully available tools and know-how. 

One of the deterrents to realization of improved, data systems for 
science is the myth of a body of perfectly organized knowledge. Ac- 
cording to this myth, the result of every new measurement in science 
is a contribution which almost automatically moves into its appro- 
priate place in the knowledge structure. Here it can be found by any- 
one wanting to use, disprove, or refine it ; that is, the flow of informa- 
tion is perfect. This pleasant myth provides a comfortable rationaliza- 
tion for the scientist or research program manager who knows that 
Nobel Prizes or other valued recognitions are earned by conducting 
measurements, not for husbanding data. As a result, we currently have 
an imbalance between the amount of resources being expended for 
generation of new scientific data and the amount of resources being 
expended to assure that the potential utility data generated is fully 
realized. For example, our study for COS - XT found that, although 
Federal agencies were encouraging everyone who could get a boat in 
the water to make oceanographic measurements, many of these agen- 
cies would not pay the costs incurred in processing these data so that 
they could be submitted to the National Oceanographic I>ata Center. 
Fortunately, subsequent action has been initiated to remedy this 
specific problem, but many others continue to exist. 

Any action to establish a national science research data processing 
system should be viewed as part of a broader goal — that is, improved 
management of scientific data, including achievement of an optimal 
distribution of effort between data generation and data husbandry. 
In furtherance of this objective, I recommend that the Congress es- 
tablish a compliance reporting requirement for each Federal agency 
conducting a program of scientific research. At the end of each fiscal 
year, each agency would be -required to submit to /the Office of Science 
and Technology, the National Science Foundation, or other appro- 
priate agency, a report identifying the data management activities it 
bad. conducted or funded during the year. It would be required that 
the total effort expended on data activities equal a predefined per- 
centage (for example 10 percent) of the research of the research budget 
of the reporting agency. The initiation of this reporting requirement 
would focus attention on data management activities and would make 
badly needed funds available without special incremental funding. 

There are several justifications for a concerted, federally initiated, 
program to upgrade data management practices. Among these is the 
substantial investment by the Federal Government in data acquisition 
activities. It has been estimated that scientists and engineers spend 
anywhere from 20 percent to 40 percent of their working time ac- 
quiring data. A conservative estimate, therefore, of the anu ant of 
Federal money being spent for just this one facet of the entire data 
handling process— that of data gathering — is approximately $3 bil- 
lion annually. It should be noted, however, that such costs do not 
necessarily reflect the current value of the data. For example, the De- 
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partment of Defense estimates that it expends about $2 billion annually 
for items of scientific and technical data. The current value of its in- 
vestment in 50 million engineering drawings, 225,000 technical manuals 
and other items of data is difficult to express, for it represents the vital 
reservoir of engineering knowledge upon which the continued e£^a- 
tiveness of our defense system depends. 

Underlying the initiation of a national science data processing sys- 
tem or any other program to improve data management is the assump- 
tion that the Federal Government has responsibility to insure effec- 
tive management and utilization of the Nation’s rapidly growing re- 
source of scientific data. I suggest this responsibility involves more 
than making significant scientific documents available to potential 
U9er ; merely providing document sources does not assure that data are 
effectively communicated or conserved for future use. This assertioji 
concerning Federal responsibility subsumes the view that scientific and 
technical information is a vital national resource; a resource to be 
utilized in the most effective manner by all professions, industries, and 
agencies; and one that must be maintained in the best possible working 
order if its potential and optimal benefits are to be exploited. 

Based on extensive study of scientific and technical data activities, 
I have concluded that classical methods for structuring and communi- 
cating scientific and technical data are marginally effective in meeting 
todays needs. Classical methods rely heavily upon the concept of 
formal publication; however, I estimate that less than 5 percent of 
the results of scientific and technical measurements are ever formally 
published. This estimate appears shockingly low until one realize 
that approximately 25 billion measurements are made each day in 
the United States. Over $30 billion has been invested in instruments to 
make these measurements, and roughly $12 billion is expended each 
year on personnel to operate these instruments and related systems. 

Obviously, many of these measurements do not generate scientific 
or technical data which need to be conserved. However, a large portion 
of the more than $20 billion expended annually in the United States 
for scientific research and development does generate data of continu- 
ing utility. In some areas, such as space and oceanography, the avail- 
ability of new measurement technologies in conjunction with large 
Federal expenditures of research and development funds has unleashed 
an avalanche of such new data. For example, the physical facilities of 
the NASA Office of Tracking and Data Acquisition have a capital 
value of more than three-quarters of a billion dollars. Today, NASA’s 
tracking and data network is receiving approximately 300 million data 
bits each day. The Goddard Space Flight Center reports that 30,000 
bookkeeping entries are required to keep up with the 2,300 computer 
tapes which it processes each week. Obviously, only a fraction of these 
data are ever formally published. 

Even when published, specific facts or data are not easily located 
and retrieved with availabSe tools and aids. It is important to recognize 
that the major scientific and technical inf emotion systems operating 
today (for example, the Defense Documentation Center^ Chemical Ab- 
stracts, and the National Library of Medicine MEDLARS) do not 
index the data content of the documents handled. In fact, no methods 
presently exist for effective and efficient indexing of the data content 
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of documents. I, therefore, suggest that implementation of the proposed 
National Science Research Data Processing and Information Retrieval 
System include development and application of methods to index the 
data contents of documents. 

I could further detail what I consider the inadequacies of existing 
methods for structuring and handling scientific data, but I do not 
consider it constructive. Rather, I would like to state a premise which, 
I believe, most people will accept and then develop some ideas from 
this premise : If we consider the long-range future, a change in the 
methods for handling scientific data is inevitable. _ 

I believe that a radical change in the way in which scientific data is 
handled is already underway. Further, continued change or transition 
in data management and data handling systems is inevitable and can 
be expected to grow in significance. 

Assuming this premise to be true, what should the National, science 
Research Data Processing and Information Retrieval System or simi- 
lar federally initiated programs attempt to achieve? 

Meeting the challenge and opportunity to construct new and effective 
means of treating data is one of the most crucial problems facing sci- 
ence and technology today. The challenge is based on the realization 
that the opportunity exists to build superior systems by utilizing new 
tools, techniques, and knowledge and, in so doing, greatly extend the 
utility of scientific and technical data. It is this challenge, more than 
the fear of being inundated by the flood of data that should prompt 
the search for new means to handle data more effectively. 

The PSAC Panel on Handling of Toxicology Information recog- 
nized future potentials when it recently concluded that the existence 
of a computerized toxicological information system would perhaps 
allow the creation of those new broad scientific conceptualizations 
which will speed the progress of toxicology^ and pharmacology by 
quantum jumps. Such positive goals should guide all national informa- 
tion system development efforts. 

National data systems will not constitute a new activity so much 
as "an effort to get better organized and do a more effective job of data 
management in both the public and private sectors. For this effort to 
be successful, objectives must be articulated, priorities established, 
responsibilities assumed, and resources allocated. 

The development of an effective national data system should not 
conform to one monolithic blueprint. Rather, the national system will 
evolve to satisfy specific requirements of “real” communities in science 
and technology. Some data management and handling programs or 
systems will probably be subject oriented, some process oriented, some 
mission oriented, and some by a combination of these When they exist 
to serve -a “real” community of scientists or technologists. _ 

National systems for management and handling of scientific and 
technical data are now evolving from the efforts already in existence 
within many scientific comihumties and agency missions. The role of 
the Government should be to focus on these present efforts, to coordi- 
nate them, and to provide data management policies on % broad 
national scale. 

The possibility of a highly centralized operation of national data 
systems is neither feasible nor desirable. Wliat is needed is not a 
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unilateral system created by a Government fiat, but the creation of 
order withiJi lie current process of national data systems dev elcpnient. 
Incentive vn^st be provide ^ for an orderly development, most specifi- 
cally in the form of Federal funds made available to elements of the 
evolving systems to enable them to devbiop their potential effectively., 
Specifically, it is suggested that the National Science Foundation be 
authorized to award grants and enter Into cost-sharing agreements 
with professional societies or other institutions qualified to plan and 
implement data systems to serve specific fields of science. 

A logical initial step in the development of national data systems 
appears to be the inventorying of existing data resources and creation 
of indexes to facilitate access to this resource, oitch an undertaking, 1 
pursued on a crash basis, would be very costly ; however, the task 
could be subdivided and pursued by individual scientific and technolo- 
gical communities. The development of an inventory appears to be a 
lire requisite step before data management and data handling require- 
ments can be identified. Also, the development of indexes to data could 
serve as important service tools prior to the implementation of more 
ambitious data systems. For example, a data referral service could be 
based on the index of data existing within a community of science or 



tGC Such°f^Vices would constitute a vital supplement to the National 

Referral Center. „ _ 

I worn like to emphasize the importance of the preceding recom- 
mendation. I do not think it is widely recognized that despite the many 
billions of dollars that are expended for the generation of scientific 
and technical data that, to date, we do not know how much data exists. 
We do not know where it is. W r e -do not know what shape it is in. >> e 
do not know how to lay our hands on it. Effectively, it is not available. 

I recommend that the Congress amend H.R. 8809 to provide spe- 
cifically for the establishment of a national index of scientific data. 
The existence of a program to create such ail index would provide a 
focal point for action by interested agencies and private groups. 

It also appears that a need exists for a service similar to the Science 
Information Exchange which would inform data centers and other 
organizations interested in a given class of data as to which research 
and development projects plan to generate such data, ouch serv- 
ices might substantially reduce the lag time between generation and 
subsequent use of the data by another scientific or technological 

organization. .’ , . 

Responsibilities for operation of activities, such as the above, logi- 
cally fall to designated organizations within each scientific or tech- 
nological community so that they will be carried on in close association 
with the work of that community. Such decentralization would 
appear much more effective than a single national service center. 

Advanced technological methods and equipment are essential to the 
concept of national data handling systems for the future. Therefore, 
the Federal Government must provide national data system policies 
flexible enough to allow for effective introduction of technological 
change and provide financial support to assure timely application of 
appropriate equipment capabilities. _ .... 

We are fortunate that the U.S. expenditure of over $100 billion in 
research and development over the past decade has generated not only 
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large masses of data; it has also generated equipment capable of han- 
dling the data generated. We now need to learn how best to apply this 
equipment. For example, it does not appear unreasonable with avail- 
able computer technology to expect that we could maintain handbooks 
reasonably current. This might not appear like a high goal until you 
realize that many scientific and technical handbooks are more than 
5 years out of date. 

Quite lihely, new data handling equipment will be introduced into 
information systems in an evolutionary fashion with the computer 
jirst used as an aid for structuring, storing, and formatting data for 
distribution in conventional forms. Knowledge gained from such 
experience will then be applied to implementation ofmore highly auto- 
mated systems including query processing capabilities. Similarly, com- 
puter techniques which are already widely used in design and other 
data manipulation operations at the work station of the scientist or 
technologist will continue to be refined and expanded ir ap plication. 
It therefore does not apx>ear unreasonable to anticipate a future 
merger of data handling systems to serve all of the scientist’s or tech- 
nologist’s data handling needs — both archival and day-to-day manip- 
ulation. At least this possibility provides a future frame of reference 
which can guide data handling system development efforts. 

Despite the great potential offered, radical changes in data handling 
systems probably will not occur quickly simply because system de- 
signers do not know precisely the data service needs of scientists and 
ted'' ologists. In addition, even when service requirements are well 
tie 1 the system designed does not yet know how to effectively 
mm eh data handling equipments and methods to data service require- 
ments. I therefore caution against expecting spectacular early returns 
from national data programs. Rather, it must be realized that time 
is required to better define service needs and to test alternate service 
formats. Fortunately, many excellent programs are underway which 
can serve as test beds for new system concepts. 

Earlier, I enumerated some requirements for effective implementa- 
tion of national data system concepts. Now, I return to the most crucial 
requirement — allocation of required resources. 

If this Congress cannot authorize at least $50 million for the first 
year’s operation of the national science science research data processing 
and information retrieval system and cannot, expect to be able to con- 
tinue and expand this funding in future years, it will be exceedingly 
difficult for the system to approach its potential. 

In recent years, I have witnessed the initiatioft of promising pro- 
grams such as the national standard reference data system, the toxi- 
cology information program, the State technical services program. 
These and other badly needed information and data programs have 
been denied the funding essentia] for a fair test of their effectiveness. 
In my opinion, it would be better to continue a slow evolution of new 
systems than to create a big splash which would quickly dissipate; 
perhaps, leaving a misimpression of the validity of national scientific 
data programs. 

Tewis Mumford, in his book, Technics and Civilization, states that 
“behind all the great material invention;.* of the last century and a half 
was not merely a long internal development of technics: there was 
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also a change of mind. Before the new industrial processes could take 
hold on a great scale, a reorientation of wishes, habits, ideas, and goals 
ay a s necessary - ” 

The V* elopinent of data management and handling systems for 
the future will also require the dual forces of intellectual reorientation 
and technological advancement. 

Basic to data handling systems of the future will be computer tech- 
nology. Utilization of its full potential challenges data management to 
reorient its viewpoint and technical cajDacity from that of document 
handling — manipulating and delivering documents which contain in- 
formation — to one of scientific and technical data handling — manip- 
ulating and delivering the data or information itself. 

STATEMENT OF DeWITT 0. MYATT, PRESIDENT OF SCIENCE 
COMMUNICATION, INC., McLEAN, VA. 

Mr. Myatt. I believe it would he appropriate here to enter a brief 
summary statement I have jd repared of the major points we wish to 
leave with you. 

Highlight Observations Concerning Management of Technical Data as a 

National Resource 

What exists note 

Data are generated primarily for their utility, as an integral part of specific 
efforts to: 

Advance scientific theory (e.g., by research scholars, to train PhD’s, to 
understand explosion phenomena ) . 

Develop new technological arts or products (e.g., an industrial chemical 
process, a weapon system, an artificial heart) . 

Manage a technological activity (e.g., petroleum refining, registration of 
pesticides) . 

The national data resource thereby exhibits a pluralistic character. Data 
quality criteria are strongly influenced by the scientific and technological tra- 
ditions — ‘the “state of the art" — of the community in which the data are gen- 
erated and used. These criteria evolve as the technical nature of the communities 
evolves. 

In technologies that have become increasingly science-based, existing data 
resources are being used directly for more of the work associated with techno- 
logical development and management. Much of this data-oriented science-tech- 
nology activity is computer-oriented. 

Present data .-activity is supported principally by mission justifications. The 
data base required for each activity must largely be created de novo , or com- 
piled from files or documentary sources. There is limited consideration of the 
usefulness of a mission-related data package for missions in other activities. 

From a national-level perspective, the husbandry of scientific and technical 
information is largely in an aboriginal condition. The bulk of the present 
national data resource was originally generated to meet technical needs of 
specific organizations. Most of these organizations have no charter, operating 
tradition, nor financial support for identifying and conserving information from 
the viewpoint of its national value. This situation exists in most of the Federal 
agencies, ag well as in industrial, academic and other private activities. At least 
5 years of patient development will be needed before programs assuring the usage 
of a national resource can become substantially operational. 

What appears needed 

A national-level policy recognizing the need for husbanding all relevant facets 
of the scientific and technical data resource 

A program that effectively deals with the pluralistic character of scientific 
and technological data activities 

Identification of the operational roles that should be assumed by private and 
governmental institutions i 
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Federal underwriting where necessary to develop and support operational 
responsibility and capability 

Enough immediate further study or operational response relevant to data activi- 
ties to sustain viability of this issue as a piece of unfinished business that is 
nationally important. 

Reco mmcndat ions for immediate congressional action 

Enact a national mandate for conservation of the types of technical informa- 
tion considered important as a national resource 

Require an annual compliance report, on an agency-by-agency basis, of the 
information-husbandry activities now conducted pursuant to the normal man- 
agement of each Federal agency’s scientific research and technical development 
program 

Provide for the establishment and continued operation of a National Index 
of Scientific and Technical Data 

Provide for a detailed feasibility study of a National Science Research Data 
Processing and Information Retrieval System. The study should be addressed 
to the development and design of an operating program. Due weight should be 
given in the study to the testimony offered before appropriate Congressional 
bearings, anf with consideration of the several existing major studies and pro- 
grams addressed to national and international science-technology information 
needs and goals. 

Mr. PtroiNSKi. Thank you very much, gentlemen. You heard earlier 
the discussion on the suggestion made by Mr. Carter that perhaps 
H.R. 8809, because it would have an agency of coequal stature with 
the agencies it would be dealing with, would to some extent ad- 
versely alter its effectiveness, would you comment on that on the 
basis of yor » experience? 

Mr. Mt>. v . I think there is great pertinence to his point. Each 
Federal agency has its own mission, its own charter. Even though 
one might be given in addition an information housekeeping charter, 
it will be put m a position of calling for working assistance from the 
other agencies in fulfilling the charter. This does not sound like the 
best administrative construction that is possible. 

We conducted a study for COSATI on the current state of affairs 
with regard to data systems. In that study we also struggled with the 
questions of how to gain the objective we described as the husbandry 
of the national data resource. We arrived at a plan that in some re- 
spects was similar to the so-called capping agency construction the 
System Development Corporation recommended in its COSATI study 
of national document handling systems. 

We found our greatest challenge associated with tlie diverse owner- 
ship of data and the wide distribution of data activity. If they were 
only of operational concern within the Federal Establishment it would 
be a relatively straightforward management decision to assign the 
total power and authority and responsibility to a single agency within 
the Federal Establishment. But the establishments of science and 
the scientists, and the enormous volume and value of technological 
inform.ation generated by our industries are outside of the Federal 
Establishment. A topping management construction that was properly 
concerned not just for the Federal data resource, but for the national 
resource, posed a very interesting quastion of management, ultimate 
control, and direction. 

The best we were able to come up with, and we convinced ourselves 
that this would be workable, was to utilize a guiding authority that 
would have representation from the private sectors. This appeared pos- 
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sible through one of the quasi-Government organizations of high tech- 
nical standing, such as the National Academy of Sciences-Engineenng. 
By providing a strong voice and a continuing interest in participation 
from that source, we thought a working arrangement could be estab- 
lished that would do the job. 

We assumed that to get the thing stuck together, Federal funding 
and Federal initiative probably was essential. We are hopeful, as 
working information scientists, that once this were done there would 
prove to be some very interesting and promising opportunities for 
shared investments between the private and public sectors in some of 
these systems which were intended to become national in. their char- 
acter. The right sort of seed-corn support fed through the right type of 
an organization seems needed to start it. So I would say that at the 
very top, our ideas did not differ a great deal from Mr. Carter’s. 

Mr. PucrasKi. Do you think that setting up such a system now would 
impede or impose constraints on the evolution of a stronger system ? 

Mr. Mtatt. The situation is in a very tender condition at present, I 
think. So far as the working skills are concerned, we are still in a 
developmental condition, even in understanding all of the things that 
are out there. . 

I feel personally that the stipulations — and here I find also I inde- 
pendently share Mr. Carter’s concern — that you have in your bill could 
nave the tendency to cramp the developmental effort. 

I was impressed by the position that Dr. Charles Hitch took when 
he was a member of the Band Corp., in an address he gave at the 
President’s Conference on Technical and Distributional Besearch. This 
conference was held in the midfifties and it was very popular at that 
time to criticize overlapping rev arch programs in the defense and 
missile field. 

Dr. Hitch had the courage to stand up and present the argument 
that it is prudent, where there is a really critical problem, to back up 
your attack on the problem by having two or three people working 
different ways to solve that problem. Generally this is the way I feel 
about those elements in your proposed bill. . 

Mr. Pttqttstrtct. Do you think that the state of the art is sufficiently 
advanced at this point to enable us to; start on a system that would 
begin tying together some of these existing activities ? 

Mr. Mtatt. That is happening where there are different little sys- 
tems that identify—peeking over the back fence at what the other 
fellow is doing— something that they would like to have. On a grass- 
roots level this process is taking place at the present time. The process 
is going much more slowly than it needs to go. The efforts to link 
these smaller systems that are operational now require a sort of a 
bargaining on the part of two people before you have the motivation 
for the mutual effort required to coordinate, and perhaps standardize. 

When the scientist has the justification of his mission to support that 
work, there is no threshold of difficulty of any serious magnitude that 
is involved. This is an atomistic process that is occurring. Commit- 
ments of this type that are in existence is very persuasive evidence to 
me that we have good tools, present now. I think it is timely to dare to 
be ambitious in trying to do something for a national purpose. 

Mr. Pucxn'ski. If we had a: national presidential commission that 
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wanted -;o commission your company to help set up a national system, 
could yon do it? 

Mr. Mr att. Yes. 

Mr. Ptjcinski. Do you have the capability ? 

Mr. Mr att. We have the capability to develop a design that I believe 
would prove sound. We are a small organization and most of our 
experience has been in studies and designs. And I think our track 
record has been pretty good. 

Mr. Ptjcinski. Wnat about the techniques that would have to be 
developed for programing the hardware and also for getting from 
the hardware the kinds of things you need ? 

Mr. Mr att. The largest technical problem — and it is still a very 
tough problem in many technical fields — is the indexing problem. 
How do you put the handles on the information when you put it into 
the system? Because the computer is a powerful beast, but it is very 
rigid in many respects still. 

What we call it is the necessity to codify knowledge in a particular 
specialized area. The field of chemistry is a magnificent accomplish- 
ment in codification of knowledge about the structure of a molecule. 

In places like that you will see very exciting work being done and 
very large gage potentials. 

Mr. Ptjcinski. In other words, what you are saying is that we could 
move forward now. 

Mr. Myatt. Yes, sir; indeed. 

Mr. Ptjcinski. Whether we do it within the framework of H.R. 
8809 or whether we do it during a presidential commission or other 
vehicle, you gentlemen feel that we can move forward? 

Mr. Myatt. Yes, sir. I frankly think we should be looking at it 
•from the standpoint of a national conservation- -of a national asset, 
because I consider the technical information resource as a national 
resource. From a. national perspective we are still f essentially in an 
aboriginal condition. But we have the capacity to get civilized pretty 
fast. : • • v *:.r : t ‘ 

Mr. Ptjcinski. Can we afford not to move forward, Mr. Farris? 

Mr. Farris. I think we are moving forward already and it is a 
matter of at what rate we desire to move forward. 

I think we should move forward more quickly than we are now. 
! do not think this because we are in any great danger of running into a 
catastrophe if we do not move more quickly. It is the opportunities 
which we are missing which trouble me. We have not yet envisioned 
information systems with the capabilities that we are going to have 
in 5 or 10 years. We have not realized what a Nobel Prize level scien- 
tist. could do if he had information available to him in an optimal 
form. 

To date practically all scientific research is carried out on what I call 
the lowest level of interaction betw r een the scientist and data. We have 
not demonstrated that w T e can identify patterns of data from different 
sets, data from various disciplines. 

Nothing bad is going to happen to us if we do not do something. 
It is the opportunities we are giving up if we do not do something 
that justifies action. 

= Mr. Ptjcinski. Are there any questions, Mr: Padcliffe ? 
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Mr. Padclifve. Actually, I think Mr. Farris answered the only 
question I had; he said that we have been moving forward. I was a 
bit curious when Mr. Myatt spoke of a design for this. Does that mean 
development of the software? . 

Mr. Myatt. The identification of national purpose is, I think, one 
tiling that would be extremely helpful. . 

You have to remember that most technical information is generated, 
because of a particular mission purpose. ^Before the man who is the 
project engineer is through, lie feels he does not have as much sup- 
port as he needs to do his assigned job. 

Unless there is a directive he can be responsive to or that he must 
be responsive to, his perspectives on the value of the data he has gen- 
erated remain provincial. . 

It is a social engineering problem essentially, to get to the indi- 
vidual working scientist and engineer who is the originator of the 
information and who essentially retains it in a privately held con- 
dition except through the one major process that is working today, 
which is essentially the document ptiblication process. 

A pitifully small fraction of the data generated by scientists actu- 
ally gets into documents and publications. That is the information 
system that most people have been talking about. Technical data is 
such an enormous challenge we do not know fully how to deal with it 
at the present time. We have very exciting potentials for work on 
ways of identifying data at the point of generation— not after they 
hay# been filtered into publications — that do have “national significance 
and national value. . . ' . . 

There are some tough questions of public value involved here. 
There are also some very interesting questions about how there might 
be trades between publicly supported systems of publicly available 
information, and people who have generated and possess privately 
held information and who need some of the information from the 
public systems. :■••• ;= ; . V* 

I think you can see there is very interesting horse- trading potential 
that can be developed into, a better sociology of usage of scientific 
and technical inf ormatiom • , i •••• ' • / 

Mr. PtrcnsrsKi. It is because of this very thing you are discussing 
that I was so deeply disturbed today with the statement by the Science 
Information Services. All of these witnesses have told us about the 
great -progress that is being made. We have some very big companies 
working on various disciplines. 

• When Ir hear the spokesman for the Science Information Service 
say, “Well, we do not need it, and if you set it up it is going to im- 
pede the present activity,” it seems to me the witness is in error. If 
I heard you correctly, the science corrummity is saying, “We have 
the capability and we have the facility, we ought to start moving 
in the direction of making all of this more readily available to those 
who need it.” 

Am I correct in that statement ? 

Mr. Myatt. The working techniques of information science promise 
much at the present time. Obviously there are many problems to be 
resolved. 

Mr. Ptjcinski. Dr. Seaborg listed some six or seven problems that 
need further discussion and work. You are right. 



197 

Mr. Myatt. There are some fascinating problems to work on. 

Mr. Farris. I would like to comment on that point because in our 
study we did come to some conclusions about the roles of some agen- 
cies, and perhaps some organizations that do not exist noy, m any 
future national scale scientific and technical data system. We identified 
in essence, three functions to be performed. 

One, the broad programing function. This is a commitment oil a 
policy level of What you want to devote to this effort and we feel there 
does not exist a body to make these types of decisions and commitments 

today. . , . ■. 

We further said there should be a planning level that would carry 
out the planning of these commitments, and we also said there should 
be an operating level. At the planning level we identified the require- 
ment for two programs offices, one of which would logically fit within 
the National Science Foundation and it would cover planning for the 
area of scientific data activity. Another, perhaps in the Department of 
Commerce or similar agency would cover technical data activities. 

These are two totally different worlds of activity, totally different 
motivational patterns, totally different structures. Even the public 
interest is considerably different in these two areas. 

Mr. Myatt. The sciences versus engineering. Scientist complemented 

by engineer. ' * , . 

Mr. Farris. As stated, there must be a level at which these programs 
and plans are carried out, implemented. This should be a decentralized 
basis, involving both the Federal Government and private enterprise. 

I do think there is a role for the National Science Foundation here 
and I want to clarify that point. 

Mr. Pucinski. Mr. F add iff e. 

Mr. Fadcyiffe. Only one perhaps very obvious question. . 

Do you. feel, with your experience in this field, that the National 
Science Foundation has been insensitive to the problems, has been 
unresponsive to needs in this area? What has been the problem . Or 

is there one ? . . , ■ 

Mr. Farris,. I would say that we are obviously on the outside and we 
do not know who drags their feet. The National Science Foundation 
has done a lot of very good work. In many respects they are in the fore- 
front of the activity that is going on, specifically with the American 
Chemical Society. But somewhere there is a funding valve that is 
too restrictive that needs to be opened, whether it is within the Bureau 
of Budget or exactly where it is, I do not know. . , 

I am identifying a need for a resource commitment. Whether the 
fact that the funding valve is not open sufficiently is due to the failure 
of the organizations who have the responsibility to request the money 
or whether the scientists have not come in and put tlieir prestige 
and political force behind the requests, I do not know. 

Mr. PuciNSKi. There is a resolution pending or being circulated for 
a complete investigation of the Bureau of the Budget. I intend to sup- 
port it because I want to learn more about this secret government, this 
fourth branch of government that has complete veto power over 
every agency of government, over the Congress, over the congres- 
sional committees. I want to see who these people are, what makes 
that agency tick, where 'are they recruited: from, what are tlieir 
motives. Above all ' what are their qualifications. 
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Some of the things that a?*e going on in the Bureau of the Budget are 
absolutely scandalous and that is not a partisan issue because I am 
sure Mr. Nixon. has inherited most of the people that are there. 

They never come before the voters. I am sure there are people 
in the National Science Foundation — including Dr. Adkinson, and 
others of us who are all victims of the strait jacket known as the Bureau 

of the Budget. . 

X am supporting any action we can get to investigate that agency. 

Gentlemen, we are very grateful to you for your testimony. I said 
earlier when we started these hearings that this is no sport for the 
meek. We are dealing with a very, very important subject but one in 
which I believe we can find a great deal of help. This country is going 
to a trillion dollar economy in the next year or two. Estimates that X 
have seen project that by the year 2000 which is only 30 years from 
now, we are going to have, a trillion dollar economy, a labor force of 
some 220 million people, a population of 325 million. And so it seems 
to me that for anyone to suggest that we can wait any longer to bring 
some sort of order into the huge proliferation of scientific data is lis- 
tening to the wrong drummer. 

I am one Member of Congress who is not going to let the Bureau 
of the Budget derail or veto a program that has been supported by 
some of the most respectable scientists in this country. 

Let these faceless people of the Budget Bureau come forth. Let them 
sit in that chair and tell us how in good conscience they can continue 
to oppose the program we are trying to put forward for this country. 

The hearing will stand adjourned until tomorrow morning at 10 
o : clock. 

Before we adjourn, I would like to put in the I’ecord a statement by 
Dr. E. R. Piore, vice president and chief scientist of the International 
Business Machine Corporation in connecton with H.R. 8809. 

(The statement mentioned above follows:) 

Statement by Dr! E. R. Piore, Vice President and Chief Scientist, IBM Corp. 

Dear Mr, Chairman : I am pleased to have this opportunity to provide your 
subcommittee with a progress report on the matters discussed at your hearings 
in 1963. The national need for more effective information retrieval systems con- 
tinues to exist, and IBM’s interest in this area remains high. 

You may recall' that in our 1963 statements, Mr. T. x J. Watson, Jr. and I 
emphasized that progress would be made in a , step-by-step fashion. That is the 
way it has been. In the six years since then, there has been steady progress in 
our ability to cope with the technical and administrative problems of large scale 
systems. 

In our case, much of that progress has been based on development of informa- 
tion systems for internal use within IBM. As a large employer of scientists and 
engineers, we have been especially alert to find ways of processing information 
so as to improve their productivity and assist in the management of technical 
activities. 

The procedures tested and used internally for our own use have been widely 
adopted externally, and IBM is proud of that. 

In making this progress report, therefore, I propose to discuss first of all our 
internal IBM experience with information systems. Second, I shall_ review the 
status of experimental programs that we have underway. Third, I will comment 
on some of the national programs that are evolving. 

Finally, I would like to. discuss with you some of the educational implications 
"of all this activity. To get the maximum benefit from such information systems, 
we must have scientists and engineers educated in the effective use of the new 
techniques, and we must have information specialists capable of handling the 
systems and responding to the users’ needs. ; 
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It seems to me particularly appropriate that these educational considerations 
should come before the General Education Subcommittee. 

Let me begin, then, by reviewing IBM internal experience with information 
systems. 

IBM's internal information activities 

IBM’s internal use of information retrieval technology has grown consider- 
ably since 1904, when System/360 was announced. Systems which existed then 
have become larger and more sophisticated, and a number of new ones have been 
developed. 

One of the new information retrieval applications is our Management Infor- 
mation System for System/360, a general-purpose communications-oriented data 
retrieval and reporting system, which is operating in our Corporate Headquarters 
and in more than twelve of our plants and laboratories. We use it to store and 
retrieve a wide variety of information, including engineering project data, patent 
investigations, personnel, sales and purchasing information, document distribu- 
tion, etc. The system provides rapid response to inquiries over communications 
terminals and is relatively easy to use. 

Another new application which we use extensively is the Administrative Ter- 
minal System for System/360. This system provides terminal-based data capture 
and text editing services. We use it to keep certain of our rapidly changing files 
updated daily, and to convert text into machine readable form as a byproduct 
of its original publication. 

Our company-wide communications system, the Internal Tel e-Processing Sys- 
tem (ITPS), links our plants, laboratories and sales offices around the world. 
The system presently is connected to' more than three hundred terminals in the 
Gnited States and Canada over dedicated, leased communications lines and to 
locations in Europe and Japan via transoceanic cables. This system has proven 
valuable in applications beyond those for which It was originally developed. 

Our field engineers, for example, use ITPS in an information retrieval system 
known as RETAIN (Remote Technical Assistance and Information Network). 
Abstracts are sent from RETAIN central to field engineers in our branch offices 
over the ITPS network. These summaries report on product innovations and im- 
provements, manufacturing changes, programming changes, installation plan- 
ning data, and service and maintenance recommendations. In this way, our field 
engineers can learn of technical developments in System/360 and other IBM 
products hours after their release. Each day, branch offices send back requests 
for full texts of those abstracts of importance to them. 

- The IBM Technical Information Retrieval Center. (ITIRC), organized in 
1964, is sponsored by the IBM divisions and operated by the Corporate Staff 
in New York as a central service for the IBM community. A satellite operation 
is maintained at San Jose, California, and a subcenter, the ITIRC European 
Centre, is operating at La Gaude, France, to provide quicker and more efficient 
service. ' • 

Information retrieval and dissemination services provided within IBM include: 

Data 6ase. -—These encompass IBM R&D Projects, Manufacturing Research, 
and Sales Applications Projects, IBM Standards, Management Briefings, Man- 
agers’ Manual, Corporate Instructions, IBM Technical Reports, selected U-S. 
Defense Documentation Reports, abstracts of articles, from over 130 non-IBM 
Journals, IBM, Inventions, selected University Reports ; all within the spectrum 
of IBM technological interests. , ■ ; ■ 

Retrospective searches A • complete search of a file of data in response to a 
specific question by matching words and logic with the abstracts or total text 
stored in the computer. The. nature of the request dictates which of the textual 
data files are to be searched. Over 150,000 abstracts are available for searches 
with an average of 40-50 searches performed daily. 

Current information selection. — A current awareness system to match weekly 
new additions to the stored literature. Scientists, engineers, managerial, staff, 
and line personnel are alerted monthly to current information by matching their 
individual professional profiles,; which are stored in the computer, against the 
abstracts or text being added to the. file. Approximately 2,000 abstracts are added: 
monthly *nd compared against 3,500 profiles at Annonk, New York, and 500 
profiles at La Gaude, France. V 

, Microforms. — All documents cleared for copyright reproduction are filmed and 
stored in the Center to supply microfilm, microfiche, or hard copy upon request- 
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Master microform sets are distributed to requesting IBM libraries for local 
use. Over 32,000 documents are on microfilm and 30,000 are on microfiche. 

Programing packages . — Several information retrieval programs are available 
to IBM libraries and specialized functional groups for local use. An excellent 
example is the use of such an information retrieval system by the IBM Sug- 
gestion Plan center in Endicott, New York, to compare newly-submitted sugges- 
tions against 370,000 previously-submitted suggestions to determine novelty and 
avoid unnecessary follow-up review. 

The use of the ITIRC system by our IBM people has shown a gratifying 
growth. In 1965, there were about 10,000 uses made of the system, and in 
196S the number was over 29,000. In 1965, IBM personnel requested 2,700 
restrospective searches of the material on file, and in 1968 there were 8,200 
such requests. In 1965, a total of 1,250 IBM people received about 300,000 
routine notices of new publications, and in 1968 a total of 3,400 people received 
more than 1,700,000 such notices. 

As you realize, computers play an important role in helping us manage this 
kind of growth in information services. Despite a growth from 1965 to 1968 
of 200 per cent to 500 per cent, depending upon the service considered, our 
operating costs have risen only 60 per cent above their 1965 levels because of 
the effective use of computer-based methodologies. 

We have developed an experimental video distribution system to enable 
persons at various locations at our Corporate Headquarters to receive informa- 
tion from our Information Center on closed circuit television terminals. 

This experimental video system allows such data as printed documents, unit 
record microfilm, video recordings, motion pictures, as well as computer- 
generated information to be recalled from the Information Center's files and 
be displayed on! the closed circuit television terminals. 

The Information Center, when fully developed, will provide Corporate Man- 
agement and tfie Corporate Staff with convenient access to a single medium 
for receiving. information from a large variety of sources, without leaving their 
offices. 

Information specialists in the Center provide the human interface between 
requests for information and information sources. These specialists, trained in 
computer techniques and terminal operations, have a thorough knowledge of 
the content of , data files and are familar with the information stored in other 
media. 

IBM experimental programs 

In the past few years, we have made significant progress in several areas* and 
I would like , to convey to you a picture of the present technical situation in the 
following problem areas. 

1. Data Base Creation 

2. Information Retrieval Programming 

3. User Assistance 

4. Hardware Technology 

In each area, I should like to indicate relevant IBM experience and future 
indications derived from research and development efforts. 

Data creation .— In dealing with collections the size of the existing scien- 

tific and ‘technical’ literature, we are speaking of millions of items e*ach contain- 
ing thousands of words. At the present time only a minute fraction of this mate- 
rial is in computer-usable form. There are a number of alternatives for making 
this material more accessible, but each appears to involve a considerable invest- 
ment. '* ;. f 1 

While it would reduce transmission costs substantially to have the complete 
text of all the items in digital form, the cost of one to four cents a word for 
keyboarding makes this alternative rather expensive. Certain collections might 
be considered valuable enough to warrant this effort, however. 

At the present time, the best solution might be to store the main material in 
image form and to provide condensed search information as indexes in machine- 
readable form. In this area we have made much progress in recent years. The 
major concern is that tliere exist many items which have not been deeply Indexed 
by professional documentalists and our supply of well-trained indexers is ex- 
tremely tight under present loads. One way of ameliorating this situation is to 
provide computer assistance to the indexers. At tBM, we have both research and 
development programs on this topic. In particular, we are constructing various 
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components of an integrated library system for a reasonably sized library com- 

^ The cataloger (indexer) in this library will be seated at a display console and 
will be able to interact directly with the computer in -the selection or index terms. 
One of our customers has had experience with some of the features of this com- 
puter-assisted mode and is extremely pleased with the assistance it provides. 

In addition, we are performing reseacli on this area in order to evaluate f urther 
techniques to assist the indexer and improve the quality of his indexing of mate- 
rial that has already been published. . 

The situation is changing dramatically, however, in the case of new material. 
For purposes of editing and revision, many types of documents are being cap- 
tured in machine-readable form at their original keyboarding. We are using both 
magnetic tape Seleotric typewriters and terminals attached directly to computers. 

If our experience is borne out, future literature will pose fewer problem sthan 
that of the past. Character recognition by machine provides some hope. While 
studies are only beginning on computer recognition of the wide variety or fonts 
and formats in books, much progress has been made. We are particularly Proud 
of our contribution in the form of a character reader for the Social Security 
Administration. This reader recognizes up to two hundred different type ronts 
with very high accuracy. Much work will have to be done to provide the capability 
for reading unformatted text, but the basic capability is in hand. • 

This trend, coupled with the economic desirability of photocomposition, could 
result in every significant new document being available in machine-readable form 
in the near future. As an example, within IBM, we have had for several years 
automatic computer-based procedures that maintain, manipulate, and publish 
customer documentation for our most widely used computer programs. 

In summary, data base creation remains an extremely pressing problem, but we 
have seen major progress in recent years. 

Information retrieval programming . — There are two aspects to 
a large Teleprocessing information retrieval network. The first deals , e 

specific application of searching for documents and the second with the basic 

system programs for controlling the computer-terminal complex. 

In the first area, we have continued to achieve good progress. We bave become 
convinced of the validity of searching for documents using the unindexed full 
text or abstract. To this end, we have maintained and supported a computer pro- 
gram that has been provided to our customers. At least two of our customers have 
added components to the programs and are now using it with terminals to perform 
on-line searches in an operational environment. The program is sufficiently general 
to deal with the majority of moderate-sized data bases that are accessible to 

m *Wiih regard to programming the computer-terminal complex, much additional 
capability has been achieved, but the field is still In a state of technical ferment. 
Within the last few years, we have been faced with the problem of on-line search- 
ing and maintenance of multibillion character data bases. There are many ap- 
proaches -to this problem and for many of them there exists little or no operational 
experience at any level of size. Sorting out the technical aspects of these alter- 
natives and extrapolating their consequences to the multithousand terminal, 
multimillion item systems under discussion is still a major techm cal challenge. 

User assistance .— Any successful system must be accessible not only to the 
professional computer programmer, it must also allow searching by the technical 
investigator. In this area, there are again two methods of approach. 

The first approach (probably most attractive to the laynaan) is the use of 
natural English for posing the questions. IBM and other© have continued re- 
search and development in this area, but progress has been extremely difficult. 

complete range of subtleties available in natural languages are for the prtth 
ent far beyond the capability of our machines and programs. However, for very 
Restricted environments, IBM and others have created and are testing small 

e ^^^a\^ 0 wo^proR^ng on the coaching of the construction of a ques- 
tion at a computer terminal. This may, in fact, be the more ^tisfartory alterna- 
S ve because it combines two attractive features. It avoids the difficulties of in- 
terprethag natural languages, thus allowing a greater precision m the fonnula- 
tion of the question. It also provides means for the computer to tell the user 
about the contents of the data and hereby cue him to usmg the best words to 
construct a query. Experimental systems operating in this mode are also becoming 
available. 
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nardtcare technology- In the hardware area, more and more functions are 
becoming feasible. . .... hif . st0 rage capability discussed in my earlier 
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In the library field, inter-library loan arrangements have existed for a long 
time In many instances obtaining a book from the State Library or another 
libra it in the system after days and sometimes weeks may be adequate. Micro- 
film-Video technology will make it possible to transmit image information over 
the same network as the computer-generated bibliographic data to a user terin- 
niinal. Serious legal obstacles lie in the path of this development the copy- 
right problem. # 

So much for the progress report. . , . - 

I would like to conclude with a few remarks on the educational needs implied 

bv these evolving systems. „ . , - 

The equipment and techniques already developed are far ahead of our ability 
to use them. This, as I have mentioned, places a special premium on our e£ ™rts 
to train our scientists and engineers to use the new information systems. And by 
that, I mean training them in these matters during their formal education cycle. 
Technical people tend to follow the information-gathering habits that are formed 
during tlieir regular schooling. They tend to carry them on throughout their pro* 
fessional careers. 

If the advantages of new techniques are not made available to the present 
generation of students, the nation must accept a relatively slow acceptance of 
new information concepts on the part of its scientists and engineers. 

The second aspect of the educational problem concerns not scientists and 
engineers, but the information specialists who operate these systems for their 

libraries of all types are turning to the techniques of data processing to help 
solve their problems and serve their clients— but for many Ubranans this means 
a large jump into a new technology. _ _ 

At the very least, this means library directors and operational staff heads 
should have an elementary understanding of what a computer is and how it 
functions. Second, they should be aware of how it has been, and is being, used 
within the total library environment. Third, it is essential to know wnat the ma- 
chine can and cannot do, in terms of library applications. Finally, thews people 
should be in a position to evaluate the existing systems in terms of their own 

operations and needs. „ . . 

Realizing the importance of .this introduction to computers, IBM has instituted 
a training program designed specifically for librarians. Each year, a one-week 
•course for two to three dozen academic library directors is given at one of IBM s 
customer education centers, in addition, three regional seminars of eqiial dura- 
tion are conducted throughout the country for not only library directors bm their 
staff heads as well. Finally, local courses of one to five aays are conducted by 
local IBM branch offices for library personnel within their territory. Lectures 
on various aspects of library automation are being put on videotape, and a series 
of manuals is being published on library operations. Hopefully, all this activity 
will help bring the librarian closer to the computer and provide the knowledge 
and understanding he needs. „ 

It (will be clear to you that this is to an extent a matter of enlightened self- 
interest on our part, and I mention these needs and these programs not in order 
to claim credit but to make a larger point. 

fWe ara moving quite rapidly into an era of large-scale information systems. 
For millions of people, this will mean dramatically new and improved methods 
of conducting our diaily routine. If the nation is to realize the full benefits of 
these developments, it (becomes important that people are educated to run and 
-to use 'these systems effectively. 

In our .experience, (this is not something that can be left entirely to 
happenstance. 

Mr. Pucinski. Thank you very much. 

(Whereupon, at 4:30 p.m. the hearing recessed until Wednesday, 
April 30, 1969, at 10 a.m.) 
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WEDNESDAY, AERIE 30, 1969 

House of Representatives. 

General Subcommittee on Education of the 

Committee on Education and Labor, 

W ashing ton, D.C. 

The subcommittee met at 10 a.m., pursuant to recess, in room 2261, 
Rayburn House Office Building, Hon. Roman C. Pucinski, presiding. 

Present: Representatives Pucinski, Bell, Ruth, and Hellenback. 

Staff members present: Allan Kiron, technical adviser; John F. 
Jennings majority counsel; Alexandra TCisla, clerk; and Charles W. 
Radcliffe, minority counsel for edr^ 

Mr. Pucinski. The committee er. 

We will proceed. The other r of Jinmittee are on their 

way here and they will be assem, C\ t e of the problems we have 

this morning is that the majority leader is testifying before the Sub- 
committee on Poverty and many of our members are down there. But 
in order to expedite this situation here I thought we would proceed 
at this time rather than wait because I am sure that Hr. Rothman 
and Mr. November are anxious to get back to New York. 

If we may have Hr. Rothman and Mr. November take the stand 
we will move along and the other members will join us shortly. 

Gentlemen, we are very pleased to have you here this morning. Hr. 
Rothman, as I understand it you are director of information services 
for the New York Times. You graduated from Queens College and 
received your masters degree at New York University and your Ph. H. 
in comparative literature at Columbia University in 1956. 

Certainly you bring to this committee a wealth of knowledge on 
this subject. 

Mr. November, we understand you are the director of library serv- 
ices and information division of the New York Times. You received a 
degree in economics at Harvard in 1958 and you were a Henry Fellow 
in economics at. Kings College in Cambridge, England in 1959. 

We are privileged to have you gentlemen join us this morning and 
tell us something about the capabilities of information retrieved. We 
have been watching with great excitement the system that you are de- 
veloping at the New York Times and I think it is something that was 
long in coming. : v y : ■ • ' / ; 

The New York Times is recognized around the world as one of the 
great storehouses of information. l ain very pleased to learn that you 
gentlemen can set up a more orderly system of retrieving that infor- 
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mation. I am sure it is going to play a tremendously important role in 
this country. 

I am hopeful that eventually you are going to develop through 
Intelstat and similar devices, into a world-wide network. I am not 
quite sure that the American people are aware of the full significance 
of what you are doing and the impact that it can have on so many 
aspects of our social and economic and educational and scientific 
endeavors. 

I view your project with great excitement and am anxious to hear 
your testimony. 

I would recommend that you gentlemen proceed in any manner 
that you wish. You have a prepared statement which will go in the 
record if you wish at this time and you be the judge of how you 
want to proceed. As I say, the other members of the committee will 
join us here in the morning. 

(The statement referred to and a news release follow:) 

Statement of Db. John Rothman, Manager of Information Services. 

New York Times 

For the last three years The New York Times has been working on the devel- 
opment of an information retrieval system which, when put into operation, will 
make available vast resources of information now hidden in the clipping library 
and other facilities of The Times with incredible speed, thoroughness and 
comprehensiveness. 

By using modern data-proees? techniques and equipment, the system will 
process material efficiently and economically, store it securely and in proper 
order, and make it available via computer to inquirers. 

The system will comprise ubsu/acts of The Times and other materials stored 
in a computer, full text of these materials stored in microform in an automated 
device linked to the computer, and appropriate computer-linked Input/ontput 
facilities. 

Initially the system will serve the news and editorial departments of The 
Times and eventually a wide range of customers requiring comprehensive, au- 
thoritative information. 

HOW THE SYSTEM WELL WORK 

The heart of The Times Information Bank will be a third-generation, real- 
time computer (IBM System 360/50) and software combination which will be 
designed especially for immediate computer-to-user response (time-shared) with 
a .large number of remote terminals. A large direct-access mass storage facility 
will be included to insure rapid handling of the large data base. 

Remote terminals will be tailored for the customer to any one of three models : 
Keyboard input with video output. 

Keyboard input with high-speed printer output. 

Vv; Keyboard input with silaw-speed prin ter output. 

Linked with the computer will be an automatic device for the storage of micro- 
fichedontaihing images of the actual clippings. This device will be capable of stor- 
ing and rapidly reprieving the equivalent of 3.5 x 10 0 pages of newsprint. Other 
peripheral equipment will include a microform camera at Microfilming Corpora- 
tion of America, Inc., a wholly-owned subsidiary of The New York Times, for 
miniaturization of fuM text input terminal s—probably cathode ray tube and 
keyboard— and a computer-telephone interface for audio computer-to-user answer 
service;' / ' \ : • 1 : ■' ''-7-" ‘v '• . ! ' ‘ • 

It will be possible for the user, through the audio system, to qiuesry the com- 
puter directly and receive an answer. It will also be possible to rose the audio 
system for placing c&Us automatically and answering inquiries thist have been 
previously placed. ' > . V, ' ’ . : . 

The -com puter will actually converse with the inquirer ; the computer will talk, 
the inqmtrer wiU Use his dialing device. Modular systenr design will be a para - 
maanit Jiwiiasideration to allow for expansion of central facilities as customer de- 
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HOW THE SYSTEM WILL BE PUT INYO OPERATION 

The information retrieval system will be made operational in four overlapping 
stages or phases : 

The computer, software and full text device will be installed nt the43d S^eet 
location of The Times. Only a portion of the design memory size will be installed 
initially with additions as the needs are forecast. I>ata input, system ch f^ouU 
and "debugging will be completed and followed by limited use of the system by 
se^te^f^i^duals to test fully the operational design features of the system. 

"P h a s & 2 

Remote terminals will be installed in the New York office of The Times and 
editors reporters and other personnel will be shown aow to operate the retrieval 
equipment toreceive both abstract and full text item?: stored in the system. - 

^Remote terminals will be installed at other locations of The Times. Personnel 
at these locations will be taught the proper use of the equipment for rapid re- 
covery of stored data. There will be no capability at these distant 
electronic viewing of full text items; full text will be sent to the location from 
New York or stored at the distant location in microform. 

Phase if 

TTifimfltelv remote terminals will be installed at customer location Custom- 
ers wmblt^aS In l^e operation of the system and will have full inquiry 
privileges Output to customers, 'however, will be limited to 

and a mibset of the full text items in storage. Non-Times articles, information 
fr om^aS y S e d i tio ns^and killed items will not be transmitted to customer term na Is. 

For customers w , ho anticipate no need for installation of he&vy-use termina , 
tpleohone service with direct hook-up to the computer will be available. A no- 
chS ^ser^^Il^appiy computer citations of Times references to the inquirer 

k^Dm-ine *p^c C ?os^° periods, the computer may temporarily store an inquiry, 
then initiate a call to the inquirer, and automatically supply the citations If 
th^inqidrer desTres abstracts in addition to the citations, he wUl ^gmii the 
system a computer assistant will enter the convention, and a fee will he 
charged for either telephonic recitation or mailing of the information. 

WHAT WILL GO INTO THE SYSTEM 

As of D-Dnv in- early 1971, detailed abstracts of all material published in The 
New York Times and in a wide variety of other publications will be Passed 
into the computer An initial data base of earlier materials is readily available 
fro^a the tS^s of The New York Times Index which has been in a successfiil 
computerized^peration since J anuary 1968 (this operation has served as a pilot 

^uXea^^^nta will be incorporated into the system at a 
planned orderly rate. These earlier, data will be obtained from The Times 
Morgue clipping^ files which will then toe retired and eventually complete phase- 

° TnlSiom M Indexes will' eventually be edited for auto- 

maac°^stem in^? ^ssiWy by OCR equipment. Data which predate the actual 
time when the system commences operation will be drawn exclusively fr 
Nmv York TimeJ, whereas current data will come from may news soutcm. 

* The Times anticipates that future expansion of system input will delude 
storage and retrieval, of photographs and other -graphic.^ in^TO Thnes 

citations of relevant- hooks and other reference materials available in Th lime 
Reference Library ; amd interface with other large reference librarie.-, nd in 
formation centers using an automated system. 

POTENTIAL MARKETS AND USES 

Tile Times envisions that real-time access to: its gigantic store of background 
informJAon who^ delth aU scope equals that of The Times’ own news-gather- 
« n ' e will prove' to be of ; immeasurable, value to major reference and rese 
libraries general business services, , radio and television stations and networks, 
public relations and advertising agencies, and individuals such as scholars, 
joumalsts, and researchers in every field of endeavor. 
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To assist in future planning, The Times has retained the services of Arthur D 
Little Inc of Cambridge, Massachusetts, one of the world’s most respected 
research organizations. It will be this company’s responsibility to determinethe 
size and scope of the potential market, evaluate the kind of response the system 
and the service it performs may expect from potential customers, and scien- 
tifically forecast what changes are likely to occur in the demand for the kind 
of service the system will be capable of producing. 



[News release. Mar. 26, 1969] 

New York, N.Y., March 26, 1969. — The New York Times today announced tine 
development of The Times Information Bank, a real-time, interactive retrieval 
system which will make available vast resources of material to major research 
and reference libraries, government agencies, journalists, scholars, and otiitHr 
media, including radio and television networks, with speed, thoroughness amn 

comprehensiveness. . . . 

In a news conference at the company’s headquarters, Ivan Veit, a vice president 
of The Times, said International Business Machines Corporation and its Federal 
Systems Division have been retained to- assist in the design and implementation chl 
the system. Additionally, Arthur IX Little, Inc., the well-known research organ- 
ization, will assist with market development. 

He said, "We envision that the instantaneous accessibility of a gigantic store ox 
background information on virtually every subject of human research and in- 
quiry will prove to be of immeasurable value not only to major reference amn 
research libraries, general business seryices and other media, but also to individ- 
uals engaged in 'all forms of research. 

"The system will serve the news and editorial departments of The Times aiiofi. 
shortly after becoming operational will be extended to include a. wide range- -ox 
customers who require rapid, comprehensive and authoritative information.” 

Mr Veit noted that the first input into the retrieval system will be abstraan. 
data from The New York Times Index beginning January 1, 1968, which are al- 
ready on magnetic tape; Gradually earlier selected data will be incorporated imto 
the system at a planned, orderly rate. 

He said that data which predate the actual time when the system commences 
full operation in early 1971 will be drawn exclusively from. The New York Times, 
whereas current data fed into the system will, come from many other sources. 

“The New York Times,” said the company’s executive, "intends to enharane 
its reputation, through its information retrieval system, as one of the worMSs 
most reliable and authoritative sources of information. We feel the potential 
market for the services which the system will be capable of producing extexmss 
into many areas. ‘ : . : '■ 1 * ‘ : : 

"For example; the services could be put to invaluable use by government agen- 
cies engaged in social research, scholars preparing such major documents as dce^ 
toral dissertations, general business services conducting research in specinm 
areas for various clients, journalists marshalling material for books and article^. 
The list could be extended to include the news and public affairs departments 
of radio and television networks, advertising and public relations agencies, smfii 
the research ar ms of the many philanthropic foundations.” 

Future expansion of system input, he stated, will include storage and retr ieval! 
of photographs and other graphic materials, bibliographic citations of rel evsmir 
books and other reference materials Available in The Times Reference Library 
and Interface with other reference libraries and information centers using 
automated system. " * .. 

The system is being geveloped under the direction of Dr. John Kothman, o 2 a- 
rector of information services at The Times. 

STATEMENT OP DR. J0H3T HOTHMAN AND ROBERT S. NOVEMBER 
NEW YORK TI MES LIBRARY SERVICE DIVISION 

Mr. November. Thamk you very much, Air. Chairman. 

We thought we would tell you' the background of our decision fee 
undertake this ambitious new system. Dr. Rothman could describe irr 
greater detail exactly what we are doing and how we are doing it 
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We appreciate your kind "words about tlie New \ ork Times. W e 
think of ourselves as a newspaper and sometimes, immodestly, as a 
great newspaper, where a tremendous amount of resources are devoted 
to gathering and presenting to our readers a variety of news. 

We have almost 1,000 reporters and editors engaged in this en- 
deavor* 13ack in 1851, when the New York Times was founded, the 
index to the Times was begun simultaneously; so we have a tradition 
of over a century of useful retrieval of the information in the news- 
paper, making it available both to ourselves and to other research 
users. 

As everyone knows, in the last decade the technology of information 
has been changing very markedly and we at the New York Times felt 
that the time had come for us to adapt this to an information system 
for two major reasons. . . 

First, and f oremost, so that we could maintain our position for our 
readers of presenting the news comprehensively and completely, so 
that our reporters and our staff members themselves would have access 
to information in the best possible manner. 

The second reason, which is also important, is that we see our- 
selves as not only a newspaper but as a tremendous reservoir of infor- 
mation, and we have been searching for ways to make that information 
useful, not only in the form of the newspaper you pick up in the morn- 
ing or the New York Times News Service which we maintain, but in 
a way that would be particularly adapted to information needs. 

Several years ago, therefore, a committee composed of members, 
the news department of the Times and the business departments, was 
formed under Dr. Rothman’s direction to create and initiate such a 



system. 

I think the best way to proceed is for Dr. Rothman to explain exactly 
what we are undertaking now. a ' 

Dr. Rothman. I think probably the best way to start is by describ- 
ing briefly wliat we liad before' we went into this project. The Times 
had four principal information facilities. The clipping library or 
morgue, the New York Times Index, the reference library, and a photo 
library. : : : ; 1 : ' ./ ’ ' -V' 

These were completely separate, nbt only administratively, but they 
each followed their, own procedures and they each had their own 

Vocabulary. For a member of the staff to get tlie best of information 
from all four meant instituting four separate searches, going to four 
separate facilities on four separate floors and getting the information 
oiit in ^ch case using the' separate ^stenri; 

This was a very wasteful and inefficient process. The first thing' that 
I recommended to, Times management about 4= years ugo was that we 
try some coprdination of the four facilities and then try to apply the 
latest available technology to making a single system out of the four. 

This is in effect What this pro j ect contempl at es. W e are going to start 
with just the clipping morgue and the index ‘but we are planning to add 
to this project before too long the facilities of the photo library and 
the reference library. 

The clipping morgue is a vast repository of wealth that even we are 
hardly able to gage and which because of the nature of the newspaper 
clippings — the clipping is fragile and it deteriorates just by sitting 



213 



210 



for a while — cannot be made accessible except to a very limited num- 
ber of people. , , , 

I spend more time than I like just politely denying access to the 
clipping morgue to all sorts of people who claim to have some kind of 
privilege or need to use it. . .. 

We estimate — and this is a very rough estimate — that our clipping 
morgue right now contains somewhere in excess of 20 million clippings. 
They would roughly divide — and this is very rough, we cud a hasty 
sampling and, of course, it changes almost from day to day— as fol- 
lows: our current subject files probably contain about 3y 2 million 
clippings; our current biographical file, which consists of about 1% 
million names, contains about million clippings; and the ex-current 
or inactive subject and biographical files together contain somewhere 

around 12 million, give or take a million. 

Some of the information goes back for decades. We do nokknow 
exactly how much. And some of it is very, very recent indeed. We try 
to process today’s clipping into the files within 24 hours. 

The morgue is essentially a single access system. If you are looking 
for material on information retrieval and. a House of Representatives 
subcommittee you can either go to the appropriate files on information 
retrieval or you can go to the appropriate hies on the committees of 
the House or you can go to personal name files, if you happen to know 
the names of the people involved. ^ ,, 

In each file you -may find some material that is relevant to all three 
along with I don’t know how much material that is not relevant to any 
but the one. You cannot take the three separate access points, or de- 
scriptors, or clues, and put them together and get out only that mate- 
rial which is relevant to all three. . 

This is not possible in a manual system. It is possible m a computer- 
ized system. And this is possibly the largest single advantage that our. 
information bank will give. It will make it possible for people to think 
of Cornell University and student demonstrations and Mr. Perkins 
and riots in the last week only and retrieve onlythatinf ormation with- 
out getting what we caRnoise or irrelevant material. 

The New York Times Index, as Mr, November mentioned, gpes oack 
to 1851. It was an entirely separate araerati on-JIn: works by having each 
relevant item of information in the paper abstracted an d them the 
abstracts arranged in chronological order undfersubject headings winch 
are arranged alphabetical^. _ : 

The index comes out twice ai month in bo cadets likethis and then we 
publish a cumulative volumes once a year. As I .mentioned before, the 
index operation is entirely separate fr omrinke morgue operation, yet 
we handle by and large tfe same missterial ct at least the bulk of the 
material -tliat the morgue himdles her© as well. 

What the future system ^envisage- is that we take, all the material 
that is. presently processed into our morgue, which means virtually 
everything that is published in the Times, plus relevant background 
material from some four dozens -or more other publications; to abstract 
these in great detail, to index them in great depth and to have the 
abstracting and indexing done by trained information specialists w* ho 
will be processing this material directly into a large computer from 
on-line terminals. 
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The original clippings will be reformatted, pasted up on pages about 
8 Y? inches by 11 inches, and microphoto graphed. The photo chips 
will be placed on microfiche, and the microfiche stored in a mechanical 
device which will >be interfaced with the computer in such a way that 
any one clipping on any one fiche will be addressable directly by the 
computer usmg some equivalent of the date, page and column citation 
that will follow each abstract. 

An inquirer will sit at a terminal, presumably a keyboard and 
video tube terminal, and will phrase a question in terms of descrip- 
tors, bylines, dates, the kinds of articles in winch he is interested 
(say, editorials, letters to the editor, news analysis) and so on. 

When his question has been phrased and accepted the system will 
search an on-line file of the abstract-s, and will product on his screen 
in chronological order all the abstracts that are relevant to his request. 

He will scan the abstracts, getting from them whatever information 
he desires, and then if he wishes to see any one or more of the orig- 
inal clippings, he will be able, by pushing an extra function key, 
to see an image of the clipping displayed on the screen. 

That, in brief, is a description of the system as we envisage it going 
into operation sometime early in 1971. 

There are certain exceptions that I must make. We will not be able 
for some time to transmit images of the clippings themselves outside 
of the Times headquarters building in New York because the tech- 
nology of facsimile transmission is still inadequate. We expect users 
in remote places will either have their own microfiche file 1 1* ' v : 1 1 rite 
or phone us for full text, or if they want something much less sophis- 
ticated, they will be able to use the New York Times microfilm. 

We expect to go back almost instantly. The New York Times Index 
has been in a successful computer operation since January 1968. We 
will be able to feed the tapes oTthe index backfo January 1968 into the 
system, so that we go into operatism in early 1971, we will have 
instantly available to us mora tlian^hree years of background infor- 
mation (although it is limited to the material processed into the 
index). n . ■ v ' 

We will at that point, of course, hawe remaining for us the New York 
Times clipping morgue. We an® planning, as rapidly as we can, con- 
sistent with control and careful selectivity, to go through all the 
material that will then be repeising in our morgue and we will be 
graduallyrprocessing it into this system. 

I would not be able to even gaess right now how long this process is 
going to take bcause it means ^oing tli rough 20 million clippings in 
effect and picking out chose thflsfc:are most worthwhile and then grad- 
ually feeding them into the system. However, we will do this as 
expeditiously as we can. 

We are also planning, as soon as the system is in operation, to index 
our photograph file in machine-readable form and feed references to 
that into the system. We are planning as a later step to put our reference 
library catalog into machine-readable form and process that into the 
system, so that we hope that by perhaps some time in 1975, a user will 
be able to inquire of the Times and obtain abstracts and copies of its 
material and references to other sources, bibliographic material, maps, 
charts, diagrams, cartoons, and other graphic material that we have. 
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We believe that this is going to be a staggering source of information 
and that most of the 'information in it will be available to the users in 
what we call real time. You query the system, you push your final ques- 
tion mark key, and the question is accepted and processed and within 
fractions of a second you start getting a responsive and relevant answer. 

The technology is here. If I may make a general statement : my own 
feeling is that machinery is here long before we know how to use it 
best. We are using existing devices and in some cases the latest, refined 
models of existing devices. 

The heart of our system is going to be an IBM 360—50—1 model with 
probably another computer of the same kind as back-up. The descrip- 
tors and location of items will be stored on IBM 2314 disk drives. The 
abstracts themselves will be stored on the IBM 2321 data cell. I have 
only fairly recently become familiar with the capabilities of the data 
cell. We will be able to store in one data cell approximately 20 years 
worth of abstracts. 

The microfiche storage and retrieval device that we are planning 
to use has not yet been finally selected, although we probably will 
have the selection made within the next week or so. 

The devices that we have looted at are in operation are perfectly 

capable of b n ndling what the syst em wants. 

For terminals we have a variety of choices. One of the terminals 
that we are most seriously considering is one that will be able to 
project on the same screen both the abstract information corning from 
the computer, and the video information coming from the microfiche 
retrieval device. That terminal, however, also has not yet been finally 
selected. . 

I think the only other thing that I might want to say now is that I 
am ready to try to answer any questions that you might have. 

Mr. Pucikski. Dr. Rothman, there is no question that what you are 
attempting is one of the most revolutionary breakthroughs in the 
dissemination of information in this country. In my judgment the New 
York Times library, file, morgue, or whatever you want to call it, is un- 
doubtedly the greatest warehouse of information on the humanities 
in this world. 

You :are lucky that you have a 100-year background and can draw 
upon 20 million clippings. You have chronicled every significant de- 
velopment in these 100 years, and I am very excited that the New York 
Times has made this decision. Surely it is a costly decision. 

I am wondering if this system will ultimately be available to private 
subscribers, to non -New York Times people, to libraries, to Members 
of Congress, to whoever wants to subscribe to it, and will this be on a 
subscription basis or fee basis? 

Dr. Rothman. The answer is certainly, definitely, 

I do not think that the Times could have considered undertaking 
a project of this magnitude requiring an investment of this kind if 
there were not the possibility of marketing access to this information. 

The Times is a business and we do expect to have some revenue out 
of this system. We know that the demand for access exists as you 
kindly indicated in your remarks just now. We are definitely already 
in touch with a number of potential users and many of them have 
contacted us, even before we actually made the announcement. 
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I have certainly, in professional association with other libraries and 
Government agencies — Library of Congress and so on talked abou 
this project which, has been under study for almost 4 years now. 

We have had some delegations in from university libraries and gov- 
ernment agencies including the Library of Congress. It will be possible 
for a subscriber to buy or rent u terminal and subscribe to access to 
this system on probably a range-of-fees basis. We have engaged 
Arthur D. Little, Inc., a very well-known and respected market re- 
search organization, to do a study of the potential market for us and 
one of the things that we hope to be able to determine on the basis ox 
this study is what the range and scope of the demand is and what 
range and scope of services we should offer. 

We have some idea of that already. We do expect that at least major 
central rffblic libraries will have terminals available and that patrons 
of the 3 ary will be able to use it, possibly by paying n small tee to 

the libr ■■ ud the library tlien would subscribe to the access service 
on a mu* aiily or annual basis. . , . 

Certainly" we expect that most of the news media, most of the large 
news media, will wish to subscribe to access to this service on a fairly 
regular and large-scale basis. . ' . 

Mr. PcrciNSKii. Let me take a hypothetical situation. 

A. young student doing research at the University of Chicago on 
Sino- Soviet relations — when this system, is completed I presume this 
young student will, by going to the library at the University of Chi- 
cago, be able to energize the questions that he lias and feed them into 

Now, as to the feedback - 1 Will that be a printout or bow will the fin- 
ished product come bach xsv'lithe student and what will he have m the 

finished product? , . ' . ^ 

Dr Rothmast. It depends the kmd of terminal. If it is a video 
terminal he will see a dispmycrf fairly detailed abstr acts, summaries o± 
news items, each one followed by its proper citation, and the abstracts 

will be in chronological ouBer. ! ^ ‘ : ’ Li i t ■' • 

If there is a printer tecmi^l — and I would imagine that large in- 
stallatioiis like a university Bbrary would have both— if there is a 
printer terminal and the.scudent or the researcher has asked for -a sub- 
stantial amount of informatisn, it will be: printed out for him on a 
high-speed printer and Jib will be able to take with him computer 
printouts of the abstractsJm their chronological order, giving proper 

01 Jf ^e wishes to have thrs clippings themselves, then he would have to 
go, as I mentioned before, to a separate store oL the full text. 11ns 
might be microfiche, and wve are planning to offer to libraries the 

microfiche that we are developing for this system. , . J . . , 

The library would nave. to have a reader or a reader-printer, wjncn 
I understand are available at relatively low cost. He would get out the 
rio-ht' microfiche, put it under the scanner, and obtain either an image 
of the clipping he can read on the screen or an electrostatic copy that 

he can take with him. 

Where the question requires a larger volume of information he would 
probably — they would prertmdy call us and we would produce eather 
large sets of the abstracis^sofli or large sets of the clippings in a batch, 
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off line, and ship them to him at whatever rates will prevail for this 
service. 

We expect to publish on demand all sorts of special subject ac- 
cumulations. .For example, if there should be an interest developing 
in some particular subject, importation of meat from Argentina for 
instance, and someone wants a retrospective grouping of material that 
the Times has published on this subject, we would be able to produce 
that presumably on a 24-liour turn-around basis. 

Mr. Pucinski. I have several other questions but I will yield to 
Mr. Dellenback now and we will come back to my question. 

Mr. November. Could I add one item to this. 

As we see the technology now, it will be possible for users, primarily 
libraries or institutions, to use the communications stations that they 
have. For example, if there is a TWX machine in the library we will 
have a service whereby that library can subscribe and a patron can sit 
down at that TWX machine, ask the system for information on the 
House of Representatives and the output will then be abstracts printed 
out on that machine in the library. It is possible with the technology 
to have in some places video terminals which are much quicker, and 
in other places slower-speed printers which will serve the needs of a 
variety of potential subscribers. 

Mr. Dellenback. That is part of the answer to one of the questions 
I was going to ask. I was going to ask about the degree of compati- 
bility of your system. You say it is just uniquely something, that you 
must have your own source material on, and your own printers to 
make it work effectively. 

You must have your own system all the way through. There is a 
sufficient degree of compatibility apparently — this is really a ques- 
tion — so that your system can feed into other types of systems and 
it does not require the same investment across the line, am I correct? 

Dr. Rothman. We expect to be able to do this to a degree. We have 
chosen hardware^ the IBM System 360, which is the one that is most 
widely used for information retrieval purposes at a number of other 
installations. « . : 

The NASA facility uses System 360. Medlars (the National Library 
of Medicine) is moving over to System 360. I believe the National 
Agricultural Library is using it and of course the Library of Con- 
gress, Project MARC is going to be on System 360. We will provide 
for hardware compatibility. 

Software compatibility is a different story. At this stage of the 
game it is very difficult to achieve and we are of course developing 
our own programs. (It would be very difficult to find existing com- 
puter programs that would be able to handle this system as well as 
any other of similar magnitude.) 

However, the whole industry is striving toward greater compati- 
hili tv and toward easy conversion programs. So that we expect in the 
future to orb vide the convertibility and of course we have that very 
much in mind. 

We are checking— in the course of developing the system, we have 
been checking and are continuing to check— on what is being done at 
other large installations of which I have onlv mentioned three or four. 

I have spent a great deal of time over the last vears doing this. I 
am continually in touch with other large information users and large 
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information systems. We hope that everyone will be sufficiently a v\ are 
or will be made aware of the necessity to provide software compati- 

Air.’ Dellenbacic. Without seeking any special business information 
which you consider confidential and is not what I am seeking to reach 
for, can you give us some idea about costs involved, either cost or 
installation or cost of utilization anticipated ? . • . 

Mr. November. We have already said in response to this question, 
that is a several million-dollar investment. I think if that as agreeable 

with you we would like to leave it at that. , . 

Mr. Delle nback. So far as the utilization, you talk about working 
on a subscription basis and then perhaps a major library could have 
an individual user fee within that basic subscription. Can you give us 
any idea of what you anticipate these costs might be ? 

Mr. November. This is a preliminary estimate on our part. As Dr. 
Rothman mentioned we have a consultant, Arthur I>. Dittle Co., to 
help us formulate this to the need of our users. Our current estimate 
of the subscription charge would vary from $100 a month to $2,000 a 
month, depending on the kinds of service the user wants. Obviously 
that fimire will have to be clarified before 1971. Getting back to the 
previous question I would like to emphasize again that we think of 
this as a tremendous information base that weiiope that frankly al- 
most every library will use. . . . x 

For that reason, we are working to make at as easy as possible tor 
them to do so. In other words, the output terminals should be those 
which would be available not only with our system but with other 
systems. So, one of our objectives is to have this hardware compati- 
bility on the output end. , . , 

I think Dr. Rothman did not emphasize enough, also, that the system 
is being designed so it will be easily usable by normal information 
seekers, whether reporters or graduate students or undergraduates or 
Congressional assistants. '• • . . , 

It is a regular English language system. Instead of speaking to a 
librarian and saying, “I want information,” you sit at the typewriter 
and use the English language to get the information put. , _ 
Every attempt is being made i to make this as widely usable as 

possible. . • ‘ • , . . , , . 

Dr. Rothman. I would like to'add one thing to tins. _ • : 

We are designing, this system for two primary purposes. Rue is to 
serve our own staff better and the other is to make the mformatiqn 
facilities as accessible as possible, to anyone who lias need for this 

Se Qur own staff is likely to be extremely demanding. A reporter who 
is working against a deadline is not going to be able to go through very 
elaborate coding and lie certainly is far from being an ■ elect romcs 
engineer, so we are designing ! tliis system in such a way that he will 
be^able to use it as easily as— and perhaps more easily than — he is 
presently using the morgue system, such as itis. . , 

My own feeling is that if it is right for this person working under 
those dircum stances, then this system will be relatively easy to use for 
almost aiivone who might have need for this kind of information. 

Mr. Dellenback. May I ask a further followup question on the 
matter of cost? Recognizing that within the range, the $100 to $2,000 
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a month range, based on types of use and liow much time and so on, are 
you able to give us any unit down to the student who wants to use it 
for 5 minutes or 1 'hour, liow much is it apt to cost him to make use of 
the full resources ? 

Mr. November. I think we have not addressed ourselves to that ques- 
tion primarily because we expect most students to do this through their 
libraries, whether university library or public libraries. 

Mr. Deleenback. I assume your cost of saving $100 to $2,000 a 
month is in fact based on some units of use. For $100 one would get 
w minutes or x hours of utilization or for $2,000 you would get 20 x 
or so on. 

Mr. November. We don’t see that as individual use of the. machine. 
We see that as the libraries 5 use. 

Mr. Deeleneack. I am just trying to get some idea, if we talk wav 
beyond your system and talk about a nationwide retrieval system — I 
do not have any concept at the moment of what realm of cost we are 
talking in. If you stay with your concept of $100 as a monthly fee or 
$2,000, or any interim fee you want to use, wliat would come for that 
figure ? How much would one be entitled to get in the way of measure- 
ment of use for $100 a month ? 

Mr. November. Well, I was going to say, let us start at the other 
end. 

Mr. Deeeexeack. $2,000. 

Dr. Eothman. If you will be good enough not to hold us to the 
precise figures. 

Mr. Delleneack. We will consider this not at all binding legally 
and just to give us some road in. What do your calculations at this 
time indicate? 

Dr. Eothman. We are assuming for example a major publisher or 
television network that is going to want access to this instantaneously 
on say a 20-hour-a-dayj seven-day-a-week basis would pay the maxi- 
mum figure, on a monthly basis, and for that would be entitled to, I 
would imagine, somewhere between 10 and 20 questions and answers 
a day. : /'...Li- ; *• be.- • •... 

This is pure guesswork j o' ’ : . i K* . ’ 

If they exceed that then there might be some surcharge, depending 
on the excess. 

It may also turn out that for the large-volume users we charge a 
flat fee for as many turns as they might want at the device. 

•. Mr ; Dellenrack . Pushing the stick then that you have given, let 
us assume that this user who might ask 10 questions a day would pay 
$2,000 a month for the service. This might be on, what, a 5 -day week. 

Dr. Eothman. No, 7. : ‘S - ■■■ ■ ■ ■' » =. .* ■ ’< 

Mr. Dellentbaok. So, we have 300 questions which, in effect, might 
yield a price of $2,000? * ^ ? * • ; ;: 

Dr. Rothman-. Something like that. 

Mr. Deleenback. We are oversimplifying this but I am trying to 
get a grasp on some unit of measurement. 

Dr. Eothman. W hen you are talking about the other end, the 
student or individual library patron, I would like to perhaps just 
draw an analogy. Many libraries now have electrostatic printers, big 
Xerox machines; available. 
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They either buy these machines or rent them from Xerox paying 
the standard going rate. Then, depending on volume, they charge 
individual patrons a quarter or 50 cents for use of the machine. 

It seems to me that what we will probably do for public and uni- 
versity libraries is much the same sort of thing. The library will pay, 
depending on its anticipated use, and in turn it will charge its patrons. 
And the library being a public institution will probably charge just 
enough to defray its costs and we may have to have some agreement 
whereby on an annual basis we revise the charge depending on volume. 

This is much the way that the scientific services, as far as I under- 
stand, now charge the industrial users. The one that I am most familiar 
with is Chemical Abstract Service. They charge for their computer- 
ized or publications service on the basis of the number of users at a 
given installation. 

So, if you have a relatively small company, with just three scientists 
using it, they pay considerably less than would Du Pont in Wilming- 
ton. T imagine that we will follow much that kind of pattern. 

Mr. DnLLnisrBACK. Again with all the caveats that you want and I 
am willing to give you all the ways out that you want, if we can stay 
with your figures, if it means 10 to 20 questions a day and $2,000, this 
would mean somewhere between $3 and $1 a question. 

Somewhere in this area is what I am thinking about, if my mathe- 
matics work out correctly, off the top of my head, which tells me 
something about the average research student in a library ; he might 
find that he does not use it the way a scientist or the way somebody 
really researching a project in depth would be able to say, “This ques- 
tion is important, that is a minimal cost,” but a student who is writing 
a thesis on ancient Greek pottery might think hard and fast before he 
started to feed 10 or 20 questions into a machine at that unit of cost. 

Dr. Rothman. Let me make a distinction. To some extent it depends 
on what kind of response they want. If they are sitting at a cathode 
ray tube terminal and are getting the answers displayed back, this 
is more expensive than if they write to us and^say, “Print it out for 
us at 2:30 in the morning when your device is not used any other 
way and send it to me parcel post. I have plenty of time.” 

So, I don’t know at this point whether we have to base our charges 
on the number of items requested, the mode in which they are sup- 
plied, the number of lines printed out or displayed. ^ 

Chances are that all these elements will enter into it and this is 
precisely the reason why we have retained Arthur D. Little as a con- 
sultant, to help us frame the pix>}»^ t -.-v . y these charges. 

Mr. November: I would like to in, th*k in some extent the variety 
of the output is a Variety of degrees U> hich you are making the 
computer do the work that you would otherwise have to spend a great 
deal of time and effort to do. : 

We do anticipate, for example, that we would not have to charge 
at all if you were to call up as a graduate student and say, “Tell me 
what stories you have run on archeology in Greece in the last year.” 

Our computer could give him those citations and if the person had 
the time he could then go and look up each of those stories. We would 
envision many small libraries would have an intermediate step of 
TWX machine to call the New York Times, type the question, and at 
relatively slow speed get back some of the answers. 
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Our charge for that would be less than having access to instantane- 
ous use of information on the cathode ray tube. 

Mr. Deelenback. There is a series of questions that would be inter- 
esting to follow but one more that is broad in scope — is there anything 
you can tell us as to the major problems you face — oversimplify your 
answers as much as you lake — in trying to set up a system of knowledge 
retrieval when you want to gather together basic raw materials, some- 
how digest it in digestable form and then make it available to some- 
body else. 

What are the major areas of problems that you face ? Costs ? Getting 
the right hardware, developing the software, what ? 

Dr. Rothman. One of the major problems is behind us and that was 
gettin man agement approval for this proj ect. 

Mr. Deleenback. There are no senior officers present with you ? 

Dr. Rothman, I am joking. 

I touched on the answer to this before. I think that hardware is not a 
major problem. The hardware is here. Also the ability to program is 
here. The programing language is available to us. I think it is suffi- 
ciently capable that we can do almost anything that we have to. 

I would say the biggest problem is to define precisely what we want 
out of the system and how to structure our basic vocabulary to get 
at it. And then to translate that into systems specifications that the 
systems analysts can work with. I would think that that is the 
biggest problem. 

I have done considerable reading and work in this field, also outside 
of my work for the Times. I have been chairman of a subcommittee that 
has drafted a standard of indexing which was recently published as 
the “U.S. Standards Institute Basic Criteria for Indexes.” 

There is the problem of semantics, of taking a piece of information, a 
document, text, and describing it in such a way that whoever wants 
it at whatever time and in whatever context can get that document out 
of the file, and no other. That is the biggest problem. 

I think that— incidentally, I am optimistic enough to say this — I 
think that for our system we have licked it. 

Mr. November, T was going to agree vhth Dr. Rothman. I think the 
major problem has been an intellectual system design problem. The 
opportunity of somehow using the hardware and getting all this infor- 
mation back in the way you want it is very dazzling. 

The real problem has been to create an approach^— a framework — 
which will make that practical. - y . 

I think it is only fair to correct any erroneous impression. I think 
the management of the Times has been overanxious in the other 
direction. '■ :'•< «'••• r-yh i 

n hey h been : to us, “What are you waiting for? Why don’t 

.ma « ystem that we can use internally and externally ?” 

Tlie problem is : Does the information group have a system that we 
are confident will serve the users? To create that framework is very 
difficult. Cost is a problem. And it is only because we are confident that 
we have a system that will be efficient, both as a resource for the rest of 
the world and for our own use that we are therefore able to justify the 
expenditure which this entails. ' 

Mr. Ptjcinski. Your testimony is invaluable to this committee for 
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many reasons. One, because I frankly believe the biggest * >uem is 

methodology. I don't think we are doing enough in 1 1ms coirntry. 

Our various agencies are spending all kinds of monew on research 
but they are really spending very little money on add&efcv zug them- 
selves to the question of what we want out of an infonnaEti/oi rofra-ieval 
system. 

What language do we use ? How do we cross index ? \V mm ool- 
ogy is best? The Weizman Institute of Science in Israel ^some 

exciting research in this field. There area few others that nT® t- ^.ar ril- 
ing the problem but I must say I am very disappointed tihat - tlnose 
who control the purse strings in Government have really not hndythe 
imagination to fund reserves in this field to any great esmenr :q itelp 
people and organizations such as the New York Times. 

The Science Information Service director was before the OTarrmitee 
yesterday and referred to all the things they are doing. Tint relieve 
they are really not doing very much in this direction. _ 

The other tiling I was impressed with is the initiative *of private 
enterprise. You have taken on this very costly pro j ecci .asrid y oa 
not worried that maybe tomorrow it is going to be obsnme. You are 
taking a chance today. 

This is certainly in sharp contrast to the testimony ysterday, when 
the Director of -the Science Information Service indicated his office 
could not support a National Information System because new tech- 
nology may make it obsolete. This is the same attitude that was ex- 
pressed 100 years ago by the Director of the U.S. Patem Office when 
he suggested we shut down the Patent Office because them vans nothing 
more to invent. ._•••; _ p 

As I say, thank God for private enterprise. Obviously, Et we were 
to leave this project to existing Government agencies to dm, it would 
never get done. I take it your system is an evolutionary ^otsm, one 
that will adapt itself to changing technology, and the various advances 
that obviously will be made in hardivare as we move alosmds that a 
safe assumption ? 

Mr. November. Yes, sir. 

Mr. Ptxcin ski. And it is safe to assume after the hugB. amount of 
money that you are going to put into this sytsem, you are mot going 
to swap it for another system in 5 years. Rather, you are gering to build 
on the system you have. : : ■ . • - 

One question comes up. Had you waited, had y ou not committed 
yourself, as you did, to a program which you hope to have in operation 
by 1971 and fully operational with the full 20 million clippings by 
1975 had you waited as so many people have advised this committee to 
wait, do you have any idea what .would be, the increase in csost with 
every month that you delayed development of tliis operation or every 
year that you delayed it ? 

Dr. Rothman. No, I would not be able to say, fiecau©- £here are 
several kinds of costs. One is the pric hardware and sssftnvare, in 
developing the system. There is also the cost whi^h we more 

actually — and by “we 55 I not only mean us in the team that wa work- 
ing on the project, but I am quite sure our management as 'well —is the 
cost of not doing something that would be worthwhile, and thsm would 
supply a need and bring in an apropriate amount of reveuMt 
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Aw l the concomitant fear that one of our competitors will ir. ;m 
into the vacuuan m^read. 

MV. Ptjchsthki. Of course, you have one built-in guarantee, one • 
destructible safeguard, and that is that you have 100 years of knowl- 
edge and information stored in your New York Times library. ..Ass 
fas as I know: no one else is capable of catching up with you on taar 
score. 

Ultimately the itlbrary of Congress may be computerized, as weH 
ss other sources of inmformation. Having had a little experience irn this 
5.eM, it would be my judgment that it would be almost impossible idr 
anyone to catch up "with your built-in advantage of having your own 
warehouse of knowledge in the humanities. As far as I know, no erne 
else can equal it. 

Dr. Bo thbia k. That is true, but we have found that most of t&jne 
searches for information will probably go back somewhere betwsem 
5 and 10 years and that the searches for information going furthiar 
back may be relatively rare. This is a relative thing. So that possibly 
some other information vendor who does not have quite the file thatTiie& 
Times has, but who has a respectable file, nevertheless, who is mfc 
before us, would be able to preempt a good portion of the market. 

lYe face this in microcosm with, the index. The index goes back tty* 
1851 and it covers the New York Times. Yet there are any number* 
of published current information services around that give us a ran 
for our money. 

Mr. November. We did not aproach the question as to what would 
be the cost of waiting. We were a little bit the other way around. if 
now we have a system and technology that can do this for us — a m i 
again I would like to emphasize the benefit we feel for our own sta^ 
of being able to get information quickly and comprehensively — ire 
should not wait. 

The second item would be what is economically feasible at this timi^ 
to do. 

Mr. PucmsKi. Dr. Rothman, you said the system at the New York 
Times was developed by <a committee which yoa headed. How long had 
this committee functioned? y 

Dr. Rothman; The committee was formed in June 1966. In backs# 
it is about a year and one-half of active work that I put in prefcry 
much by myself. The committee still functions. The committee con- 
sists of Mr. November and myself , the former chief librarian 'of fifrfg 
Times, who is now general services manager, the Times systems zmain- 
ager, and two relatively recent employees of the Times who have joined 
the Times as part of the information service staff. 

The other member of the coirimittee is a representative of the news 
department, the assistant metropolitan editor, who kind of represents 
our customer interest. 

Mr. Pxjcinski. The reason I ask that question is that the legislation 
before us, H.R. 8809, calls for the establishment of a national infor- 
mation retrieval Extern- It describes in general what it should Ml like. 

Perhaps' k would be a good idea to rewrite this legislation am\ 
establish a Presidential commission that would be charged with the 
development of tills system. I am not sure, but perhaps that; might be 
a more realistic way of proceeding on a national scale with, the work 
you have already undertaken. 
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In -iiffecfc. yma. really have a prototype o£ what we are talking about 
in science ii^orin^tican^ You have^ illustrated what can be done in this 
field. Z am grrcteful to you for bringing us up to date on the fact that 
the tecimoloigy is fere, that the hardware is her e s that the methodologv 
is here. W hiuiflss tJag York Times will concern itself essentially with 
largely da^amiaadirEg information on the humanities, the bill we are 
discussing cidSs for setting up a system to retrieve information in 
scientific acoifl technical research. 

I am tsv ^gnsteful to you for this testimony. 

Mr.. dirndl, doya>u have any questions? 

Mr. fhrrrH. ST© ^questions, # 

Mr. > T want to make one observation, that the New York 

Times of is & far cry from that of 1920. I once came across an 

editorial injssry'isearch on the New York Times in 1920 uy which it 
was s u^gBs teiii thasi Dr. Goddard be fired. In effect, the editorial called 
him an imbecile. Jfcrstated that anyone who would suggest a rocket can 
be launched mat of tfhe force of gravity and then propel itself into outer 
space and arouincL -the moon must be completely out of his mind, and 
any f unifier expenditures on that kind of project is just a waste of 
taxpayers’ mamey. • . 

That was a very fine editorial in the New York Times in 192p. I 
am very happy to" know in 1969 there is considerably different think- 
ingot the New York Times. 

Dr. Ho t eh: vr a tv , iM ay I respond to that? I have been asked by some- 
one — and I don’t Imow whether he was trying to be funny or whether 
he was being 'incredibly naive — whether in mis system we are going 
togo back and correct incorrect material. 

The answerfs no. 

Mr. DELiamBAOK. I am not sure that was a gracious way to close, 
Mr. ChairmaEL. May I ask a couple more questions? 

You indicate it has taken you some 4 years, in effect, of your time so 
far, Dr. IRotfsman, and the committee something less than that, but 
you havefieeSE 'on this for 4 years working toward this particular issue. 

If I understand your testimony correctly, you indicated that the 
prime body erf knowledge you are going to be working with is Times 
knowledge^ for a period of time after wMch you will reach out beyond, 
but youbegin with your own, and this is a relative word, relatively 
limi ted sounce of raw material, a very substantial source but relatively 
limited.. _.Z 'Z; . . #i , <5 ■ ; 

Do yoru have any concept of what it might take you in time to get 
ready even on the basis of your research that you made to date on 
tins system, if ve were to charge you with the responsibility of develop- 
ing an information retrieval system that woulcL embrace all brandies 
of scientific research, covering every possible field of scientific re- 
search, not ipst within the IJpited States of America, but on an inter- 
national basfei? ; ■ . ■ ■ 

WoulcL ycm be ready to start on that immediately or would it take 
* ~ou a little time to get ready for it ? # . . 

Dr. Hoth 3 iak. I think it would take more than a little bit of time. 
Let me respond to that in several ways. How long it takes to get a sys- 
tem ready depends to some extent on what is there when you start. 

In our case there were, as I say, four separate facilities that had 
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heen in operation for =ome time and that vsere*. ati of them, entirely 
manual. There was no zBachine-Ty used of miry kineL 

I have been wc arsdn <r for the Times for m most 23 years. So X sfcartecu 
out with a very snhst^rmtial basis of knowiemge of wnat the Times haH 
in those systems and how it was being processed!. Triad a fairly gooS 
idea of how it was beinig used. 

Now, to draw the parallel to this system ihiatyon: :sve questioning me 
about. Someone would? have to make a study ocf' winnn iis now being done, 
how it is being done, how it is being used, aim ; how should it ultimately 
be used. 

How long that takes depends to some extent ayilbnw knowledgeable 
this person is of the field or fields and how mucn ox the data already 
is available for him to see. ■ . 

Mr. HEinKNBACK. Since there is an immense wealth of scientific pa- 
pers that is of record already across the scope oaf the Nation and the 
world, we can imagine that there would be a trsmendoTas problem, if 
you would reach backward at aM to try to put tliis rn fom 

Would you tend, if you were approaching thafisoirt of problem, real- 
izing its complexity and breadth,^ to try to create in the original in- 
stance a program to cover the entirety of it or would you tend to ap- 
proach it from the point of putting together pieces at a time and then 
trying to weld the pi eces together ? 

Di\ IRotkmax- I am going to answer that out of the depth of my 
ignorance of the natural and physical sciences, which is only fair be- 
cause many of the physical scientists that already have computer sys- 
tems going tried to tell us how to go ahead and process our material. 

I would imagine that the best my to go would be piecemeal and 
gradually. This 5s in some sense already being done. To my very 
limited knowledge there :is already some interchange taking plw 
between the biological sciences and the medical sciences involving tike 
National Library of Medicine and IBiological -Abstract Service. This 
is very good. 

There is somes interchange between the Chemical Abstract Service 
and the N ati ons&! Library o f Medicine^ the E ood amad Drug Administer 
ti on , ancl the Niaffional Agricultural Library inxmgurd to agricultural 
chemicals. It w^wald seem to me that that land of : intmdiscipHimry in- 
terchange, p eihsogis on a limited and initially on the most obvious basis. 
Would be the vraycto a mt . Then gradnallyr try toose that as a nucleus 
and then gradualliy try to draw th eo then disc ip Jmes into this, which 
they will actually i&atarally do. 

I mean, for ^gaasinple, Psychological Abstrarfe is having some sort 
of commuriicatium wrfh the medical services ; the National Aeronautics 
and Space Adnfimistration with the Engineers rhoint Council, and the 
Department of IDefense with the Engineers ,ToEDit_Council. 

There is a good deal of cooperation already ^amg on and it seems 
to me. if you H*t mind my making a suggestion to this committee, 
that the way te start immediately would be to encourage cooperation. 

This is what we were talking about before : compatibility. To some 
extent this means compatibility of people and administrators and 
systems, just as well as compatibility of hardware arid software. I 
would urge you to use tlie prestige and influence of the Congress to 
encourage these scholarly and professional organisations to cooperate 
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and sha t way build .a N^mbnsd System o<r at least that way 

begin* to xroifi-ti. National Inf ormxr ' : on System. 

Mr. Xfau^z 2 £B ACK. While I oveu^sfmplify, you woul 1 stress cooper- 
ation. yoRsx waauld stress moving dead firmly, but yrm would make 
haste slowly. 

Dr. Tio That does not • lecessarily follow. L think that the 
cooperation — you realize, incident .Jiily, now I am expressing personal 
opinion — uiiee too op oration betwee j two related fields and two related 
institutions or: services, that ne*=y not he made sTvrly. I think that 
should Ibe dione as quickly as possible. 

Mr, DrrjicEavBAcix. I said, pnesp nahead firmly p indr when you talk 
about zhe tzssail system, you wouti. make your naf :s somewhat slowly 
tt> trying atonal system. IstLrxr correct ? 

Dr. EiOxnissrA^. Yes, sir; I would advise that. The complexities are 
such and th^eJiddsure so vast and the- problems are~memendous, I think 
the best w*ayr tu solve them is to approach them pieeemenl rather than 
Totally- 

Mr. X)e l tss 5ER A CTL> Thank you wsry much. 

Mr. Ptjc usei. eliist so there us mo misunderstandixig, in the event 
my cofeagirs is trying to lay the Xorcnda/tion for delay ngg action on the 
legislation .fininis 

M>- Xtei afflEg TR a OR-. Not a bit, Mir. < Ghairm an, 

Mr \ PucrscsKi. He asked the right questions. And X just want to 
make tsure rkat w© are all taSdng about the same thpag. The New 
York Times has naade a very important decision, It made a de- 
okhm that asir tins point in time Xt needs a better way disseminat- 
ing the vast amount of 5?ifomismon that it now has and has ac- 
eiunulanecL over the last 1G0 years^Any further delay ^r-rke develop- 
Mjral. of this system would jaaesrairy further complice : hs develop- 
ment. 

A/fter sputnik it became very apparent tomhe Members of Congress 
and to tliafc scholars an(£ jesearnhers^ <®f this emuntry, tkan: there was a 
\^erv r serhtmKgsap im tthe^ (m^spnniiuatioiii of scieautific dat*u 

Office? of Sciences hnfermaiion Services was established to 
dosfetthis gap. 



OT retrieval system in chemistry. The various engm^-»ftg societies 
are setting rwp their otto systems; various oth&i’ ses&saenta of the sci- 
ences are setfcmgnrp their own systems. 

Because vrae know that there has to be a certain ^ ^nnt of cross- 
breeding of ^formation among “ike disciplines, we proposed tfiiat 
“til of these ultimately — not tomorrow, not day afte ~ Tomorrow — but 
ultimo tdly foe tied together oza a coaxial cable, a nerswnrk which will 
mike a^aih^e to scholars and researchers. My judg- 

nmXf- thar in flxae time tfcvNewYork Times system may very well 
become one mx tfe strong components of a national system, on a con- 
tracc -.d basis. 



beeisi^?io &Aajny e^chfeS^dfcUTit has moved forwardfin successfully 



Fforiiyeairsit b^ toac goingethrough a lot of money; but Yhavenot 




vjLL ihaforniation. Yight vears ago we intro- 
, which wemSd commit this Natmmito tne establish- 
nffismrofm™£nijLaImfoimationns^rierval system in tlm sciences. 

recogmkes afehat it is best totmove within the 
Sssifiplines. The American Otemieal Societvds setting tip its 
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HOt. 8809 provides that the K ational Information System can enter 
ima* a contract with a system Hike the l^ew York Times to feed its in- 
formation into tiie system. 

^vTouldL you care to expiress am opinion as to whether or not this 
cemcatry <can wait any longer for a commitment to try to bring some 
sort of order to this disseinmiatkcai of scientific information ? 

TEIE,. 8809 specifically forbids the duplication by the Government 
c«af existing systems, because we are not trying to put anybody out of 
business or make the Government compete with private or other orga- 
nizations. All we are tryingrto do is put all of these systems into some 
H©rt of an orderly national system where their information can be 
^adily available to wkoeveirneedsit. 

Ho you care to expr^s coeeq opinion ® 

Dr. Rothman . A limited opinion, limited by the fact I am not in 
"the natural sciences and have never been a user of any of the systems. 
My only familiarity with them has been to see what individual insti- 
tutions have done in the automatic information retrieval field, to see 
Tsrhat I could beg, borrow or steal from them for our system. 

You used a term in your discussion just now that rang a very 
f.aimi] iar bell with um and that was the term network. My own idea is 
that a single monolithic service coming out of a single computerized 
system covering all possible disciplines, is probably beyond the tech- 
nology of the immediate fntira. 

T lucre is also this to he said about this single, giant, comprehensive 
facility. This is very g&Kxl winar someone, wants; to browse me field or 
fields. It is not that gravd wham someone has a very specific question 
jahnedL at a special Item. 

These . are the two maan cuizffBietiiig user interests, the specialist who 
has the one tiling in inii^d thisii_be wmnts as against the person who does 
nut Jmfeow exactly whataie waULts or who wants a retrospective survey. 

So T would favor the Histwcryrk concept, whereby someone searches 
cbb system, and if he doe s notrfind there what he wants, that system 
SEsersihim elsewhere — Whatt ymi really want Is related information — 
and he is switched automseScaliy, if possible, into a compatible system 
having cognate inf ormaffiaoim 

I fiEonk that the main search tools, dictionaries, thesauruses, ins true - 
tionSytthe programs, should be compatible, definitely. Whether it would 
be afesolutoly neoe§S$£y to hoifcse all the information in a single ware- 
house or ho make it acc^esildfe — 

Mr. Pyr Th& Soviets; have a single warehouse and our studies 
liav© i&dficated that thik Is n£nt the best way to do it. We 3 on the other 
Jkari d r en courage a netwgsk ofhll types of Elected infoimaticm. 

W*e don’t want to disturb these systems or put them out of business 
or compete with them. ; All we want to do Is make sure what they are 
doing! s available readliHy to whoevernmffethat information. 

Dr. RoTHDMTAJsr. On a network basis, T would definitely be in favor of 
it. "VTe have talked at tinaes, mmoeg the members of the committee and 
with our management, mbcmfc tins possibility of eventually linking our 
system to related systems. These are not in the planning stage. I don’t 
know whether they will within my lifetime come to fruition. 

This depends on many factors that are now beyond our control, that 
are not now within our contool. But I would t hink for instance, that it 
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should ho possible for someone to browse the New York Public Li- 
brary’s catalog or the main catalog of the Library of Congress or per- 
haps a. union catalog, for information and then find that some of this is 
in the archives of tke New York Times. 

And then flip a switch and switch over into our system and search 
it. And conversely it should be possible for someone to search the Times 
iicrr in form at ion, find there is background information, possibly at the 
New York Public Library, and automatically switch over to their 
catalog. 

Mr. PwonsrsKr. Don’t you think, Doctor, that there is an urgency 
to legislation such as is before this committee, although perhaps not 
in its present form- I am not wedded to the language and the provi- 
sions of this particular bill. But what I do believe very strongly and 
X would like to get yomr reaction to this — at this point, there ought 
iso be at least a, clearinghouse of information to cope with the prolifera- 
tion of systems that are being developed all over the country. Millions 
upon millions of dollars, billions of dollars are being invested in infor- 
mation retrieval. TJniess given some guidelines in compatibility, we 
will never be uble to tie these systems together. And it seems to me 
that the key w^dmX969 ought to be “compatibility.” 

We do not waist to tell people the manner in which they are supposed 
to mn their: You made an excellent presentation today, and 

I am imprests! with the way you are moving in this system, and I 
don’t want ssaenebsody looking over your shoulder and telling you how 
to do it. 

W e leave that private enterprise and to your good judgment. But 

we would like you to know what others are doing in terms of com- 
patibility, so that asyou spend the millions of dollars that you are 
spending, by 1975 you will not find that you are all by yourself unable 
to tie into any other system. We did that in the poverty program. 
Millions of dollars were spent on setting up some 127 information 
centers around the country, and then it was discovered that they do 
not fit. 

Today they are totally useless to us. Because they cannot work, 
they canujDt integrate with one another in terms of information ex- 
<hbsa-nge~ JFor that reason, I do feel there is a certain urgency in the 
subject we are talking about. 

If for mo other reason than with the huge breakthroughs that _ are 
being made all o^fiErthe country, some which should provide a cl^ring- 
house of irrf o^ rm;ario n so we can make some effort toward compatibility. 
Is there any bas ing for th at statement. Doctor ? 

Dr. Eothkax. Again speaking as a private individual, I would 
endorse that wholeheartedly ; yes. 

Mr. Delxestback. Would you yield, Mr. Chairman ? 

I think this wsmld be helpful in clarification of the chairman’s 
objectives. You are not talking about a system whereby the Govern- 
ment would do the retrieval ? ' ... 

Mr. PuOTNSKr.Oh,riO. , 

Mr. Deiluemuack. You are not talking about a system where the 
Government would do the cataloging and the digesting and the trans- 
lating but would merely be a service organization that would help 
other groups lib© the New York Times, private enterprise in some 
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situations, or chemical society groups or other disciplines, in their 
efforts to set up their own systems. We would merely stand back, ex- 
change information, act as a clearinghouse and try to aid voluntary 
efforts rather than to do it ourselves. 

Mr. Pucinski. Absolutely. This bill contains very simple language. 
For example: 

In order to avoid unnecessary and costly duplication in scientific research and 
to assure quick assess to, and a constant inventory of, all science research data, 
such a nationwide system shall include close voluntary cooperation with, and 
utilization of, on a "contract basis wherever practicable, all existing science 
research data processing’ and information retrieval facilities in the United States 
and its possessions including Government agencies, private and public universi- 
ties, private and public laboratories and libraries, abstracting societies, pro- 
fessional organizations dealing with specific scientific disciplines arid any other 
facilities dealing with dissemination of scientific research information. 

The purpose of this Act is to implement, not substitute, existing information 
retrieval facilities. Therefore, it is specifically prohibited under this Act for 
the National System to establish any Government-owned or operated .science 
research data processing or information retrieval facility where such a facility 
already exists under either private or public ownership. The National System 
shall use every voluntary means to arrange for an orderly cataloging, digesting, 
and translating, with the' aid of electronic devices, if necesptry, of all scientific 
research data produced in the United States or available in the United States 
from other nations and through the national science research data processing 
and information, retrieval system, make such information readily available to 
any scientist or researcher, either privately, publicly, or self-employed, through 
an appropriate communications network. The national j^ystem shall arrange for 
appropriate financial payment for all science data, provided into the national 
system by private source. 

All we are saying here is that neither the New York Times nor the 
Sperry Rand Corp. nor anyone else in this country is in a position at 
the present to try to provide the tie strings, the tie rods, to put all 
these systems on a common network. 

Our purpose is to bring together the private resources and help them 
set up communications among each other; That is the purpose of this 
bill. . ' - ’ . ' - 

Mr. Deulenback. The purpose of the bill, then, for clarification 
again, Mr. Chairman, is not actually to create any system to do this 
actually. It is merely to be an aid in and supplement to voluntary 
private systems which are attempting to come into being and creation. 

Mr. Pucinski. I think that is properly and correctly stated. The 
gentleman is correct, v • . : 1 v ? ■ ’ • r : 

Mr. Ruth As I listen to this gentleman talk and listen to you, 
there is no question about the value of the information retrieval in 
Government and every where else, where you learn that time is money. 
But the tliing I was most impressed with is when we talk about a 
commission or committee which needs to get to the bottom of this. 

Before we get to the language of the bill, I am thinking in terms of 
the study of the possibility to integrate the current methods, to define 
the purpose of the system, and investigate both limitations and possi- 
bility of the system and to evaluate it 'both as to cost and to timing. 

I don’t, see how you can get into something like this without a com- 
mission or committee or somebody doing this ^research prior to the 
time that we try to put the language of the bill into effect. 

Mr Pucinski. Mr. Ruth, I have been here long enough to know if 
you want to* kill something, appoint a committee to study it. 
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Mr. Dellexback. So they created a committee which worked on it 
for 4 years and then moved. _ 

Mr. Pucircsm:. We discussed that earlier today. , . , ^ 

I am perfectly willing to consider rewriting this legislation. Per- 
haps Dr. Carter gave us a good suggestion yesterday when h^i^g<^ted 
that rather than try to define the system as we do in the H.K. 8809, 
perhaps we ought to establish a national commission that will then 

spell out the system. w . 

X am not too sure that this is not a better way to do it. 

Mr. Ruth. As you point out, you have been here a long time and l 
just got here but since we have the committee system of Government 
in the House of Representatives, I am a little supnsed to hear you say 
we should not put a project like this in a committee. I am completely 
aware it has been said if you want to lose something, give it to the 
committee, but let us give it to the proper committee and let us not be 
ineff ecti ve because we are af rai d we are going to lose it. 

Mr. Pucixsiu. I don’t want to disscuss the procedures m Congress, 
but the longer you stay here, the more you find out how frustrating 
the committee system can be. Mr. Bell ? , , 

Mr. Bell. No comment, except a camel is a horse put together by a 

committee. _ _ 

Mr. Ptjcinski. Dr. Rothman, we are really grateful to you gentlemen 
for your testimony. You have given us an insight into a system that is 
now under development. To that extent X think we are all better quali- 
fied to study the legislation before us and l am very grateful to you. I 
congratulate the New York Times for again, as it has for 100 years, 
taking the initiative. This is a major breakthrough for America. I do 
not think the American people are aware yet what you are doing. But 
they will be aware when you get started. Thank you verymuch. 

Our next witness is Dr. J. C. R. Ldcklider, director, Project MAC 
at the Massachusetts Institute of Technology. Dr. Dicklider is a grad- 
uate of Washington University of St. Louis and received his Ph. D. at 
the University of Rochester. ■ . T , 

From 1942 to 1950, he was a member of the Psycho-Acoustic lab- 
oratory and the Psychology Department at Harvard. He w^^assopiate 
professor of psychology of ; communication. at lV£I r l from 19o0 to 1J57. 
During his career, he was head of the psycho-acoustic department, 
engi neeri ng, psy chologv de partm ent, and i nf ormation research de- 
partment of JBolt, Beranek & Newman, Inc., of Cambridge, Mass., 
later becoming vice president of this firm. r - . ? r \ 

From 1962 to 1964, lie was Director for Behavioral Sciences and 
Information Processing Research, of the Advanced Research Projects 
Agency of the Department of Defense. He served as consultant to the 
director of research of IBM from 1964 to 1967. .• 

He returned to MIT in 1967 as professor of electrical engineering 
and is now director of Project MAC. 

Dr. Licklider, we are very pleased to have you here. I believe you 
have a formal statement. It will go in the record at this time, if you 
have one. Otherwise we will let you proceed in any manner you wish. 
You have heard a good deal of the testimony. You have a good idea of 
what members are particularly interested in so I would suggest you 
proceed in your own manner, .. . . . • ; . 

We want to welcome you to the committee. . v r 
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TESTIMONY OE DR. J. 0. R. LTCKEIDKR, DIRECTOR, PROJECT MAC, 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

Dr, Dic sku der, Thank you, Mr., Chairman, and members of tlie sub- 
committee. 

I appreciate the honor and the opportunity of talking with you 
about this very important topic. I would like to express my compli- 
ments to the gentelmen who preceded me, Mr. November and Dr. Roth- 
man of the New York Times, and express my admiration for not only 
their testimony but also the information isystem they are building at 
the New York Times. 

If I may, I would like to continme a bit with my own “station identifi- 
cation” to give you a picture of the interests I have in this field and 
the points of view from which I [report. 

I was connected with the first multiple access or timesharing com- 
puter systems. With great interest and some amazement I lived 
through the period of their research and development and came to see 
in a surprisingly short time, say from 1959 to 1965 or 1966, the emer- 
gence of a new approach to interaction with digital computers. 

That became a very successful thing in the marketplace, in commer- 
cial application, and in the stock market. It is changing the way re- 
search is done in industry and parts of Government and in universities. 

Now, I saw that as just a first wave of the development of methods 
and techniques and language that let people communicate with digital 
computers in a fairly free and natural way, that can facilitate problem 
solving, decision maldng, teaching, learning, and so on. 

I have been very much interested in the last 2 or 3 years to be living 
in the second wave in this development of multiple access computers 
that make it possible to work intellectually with computing machines. 
And I think I see the coming now of systems in which truly compre- 
hensive informational services will be provided to research people, to 
managers, to students, teachers, to decisionmakers in Government. I 
am not sure exactly when that will be but I sense it will be very soon 
now. 

I have been much interested to see a third wave start to build up, the 
wave of digital computer networks that will link together general pur- 
pose, multiple access computers in all parts of the country. 

On the one hand such networks will interconnect the branches of 
industrial and commercial concerns, and on the other hand such net- 
works will interconnect most of the major universities. And this is com- 
ing along although it is just now in a research and development phase. 

I have had a strong interest in information networks. By making a 
distinction between computer networks and information networks I 
make the distinction : one, having the main interest in the processing 
of information within the computer; the other having the main in- 
terest in vast stores of information within the computer with which 
one can interact. 

Processing would, be involved in information networks as well as in 
computer networks, but heavy emphasis would be placed, in informa- 
tion networks, on storage and on dissemination of information. 

With that background I am very much interested in what you gen- 
tlemen are talking about here in H.R. 8809 and in the National Science 
Research Data Processing and Information Retrieval System. 
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I have been connected during these years with several organizations 
and committees and so on. Only for a short time, only for 8 or 10 
months have I been Director of Project MAC, to which yon referred. 
But iet me say another word or two about it. 

The acronym MAC stands for several things. Men and Computers 
working together. Machine Aided Cognition , facilitation by the com- 
puter of man’s understanding. And Multiple Access Computers , com- 
puter systems used simultaneously by several or many people. 

At MIT I have been connected with, but am not now directly par- 
ticipating in, Project INTREX on which Professor Overhage once 
gave testimony, I think, to your committee. 

INTREX stands for Information Transfer Experiments. That is 
a directly pertinent project at MIT. 

Also I have had an association with Project TIP which stands for 
Technical Information Program. That is a project of Dr. Kessler’s. 
He is associate director of MIT libraries and is using computers in, 
I think, a very sophisticated and interesting way in information re- 
trieval. 

I have been participating in the informational activities of two or 
three technical societies. I don’t know whether Dr. Riegel and Dr. 
Cairns have testified in relation to SATCOM, the Committee on Scien- 
tific and Technical Communications of the two national academies, 
but I have been associated with them, and with the Scientific In- 
formation Council of the National Science Foundation. 

Perhaps what X can do is to provide to the staff a sampling of 
things I have written that I think are pertinent to your work. Perhaps 
I may contribute to your own committee’s information explosion 
slightly in that way. 

Now I think I need not waste any time by opposing the concept of 
the monolithic warehouse in which all the knowledge would be cen- 
tralized and from which it would be dealt out. . 

Mr, Deklenback. Mr. Chairman, I am not quite sure that state- 
ment comes through without a certain amount of ambiguity. Please 
make clear your position. 

Dr. LxcKLriDER. I am opposed to the concept of the monolithic ware- 
house in which all of man’s knowledge is brought together in one place. 
Perhaps I am not surely opposed to such a concept as it might be im- 
plemented in the very distant future. But I do not like it as a basis 
or strategy for proceeding now. •: v * . 

Mr. PucnsrsKi. I might say I am glad you are not going to waste any 
time on that because I don’t know of anyone on the committee that is 
suggesting that, so I think we will move right along. 

Dr. LickltIder. I would like to take a position in favor of the acti- 
vist spirit that I have detected in the work of Chairman Pucinski and 
would like to say something about the need for activism in the present 
situation in scientific a:nd technical information— about the need for 
an appreciation and also for an implementation of the role of the new 
technology in the field of scientific and technical information. # 

Mr. Bell,. May I break in, does this mean you support the Pucinski 

Dr. Licklider. I .‘think that I would not like to make that statement 
at this time. Perhaps it is just I would like to have a hand in the writ- 
ing of a description of what should be done. 








230 

Mr. PucmsKi. May I at this point, Doctor, may I make this point 
clear to the committee and to the witness. H.R. 880*9 is before this com- 
mittee as a vehicle for a dialog on this whole problem. I am not at all 
convinced that H.R. 8809 is the best way to deal with the problem. And 
I am perfectly prepared to work with the committee and with wit- 
nesses to try to restructure this bill or any other bill in a manner that 
meets the problem. But we had to have a vehicle in order to get this 
dialog going. As the testimony unfolds on this subject, new concepts 
will be developed. 

I must say in all honesty and state publicly, 8 years ago when I 
first got into this thing, I thought the best way in the world to handle 
this was through a single warehouse of knowledge. As the testimony 
was given before our committee and as learned scholars came before 
this committee and presented their views, it very quickly became ap- 
parent -that the worst thing we could do would be to build a central 
warehouse. ■ - . 

So we rewrote the bill completely. As further testimony was pre- 
sented we discussed other alternatives. 

Yesterday for instance, Dr. Carter quite properly pointed out that 
the prohibition of the present bill against duplication of existing fa- 
cilities is too restrictive because an existing facility might not be a 
very good one and the mere fact that it is existing but is not doing a 
job well- should not preclude a competitive system. . 

I am interested in the testimony dealing with concepts. Eventually 
the cormnittee will collate these concepts into what I hope will be 
some sort of a consensus opinion of the committee in moving forward. 

Mr. Beeij. I assume from this though that the witness does in prin- 
ciple or philpsophy agree with thoughts expressed in H R. 8809? 

Dr. Dickeider. Mr. Bell, I support the bill as a vehicle for discus- 
sion. I 1 am pleased to have an opportunity to engage in the discussion, 
and I am interested in moving forward.’ r \ ! • ; V : ' • : 

Mr, DeeeekbaCk. 1 So there be no misunderstanding, may I also state 
that I think this is a healthy clearing of the air because I don’t think 
there is anybody on this committee— if I don’t speak for anyone else, 
let 'me speak 1 only for myself— I think there is an immense amount of 
knowledge from which we could benefit if it could 1 be brought in to 
a coherent fOrm So that that which is known and written about in one 
area could somehow be made available to other people working in the 
same area who knew nothing about thi-s piece of knowledge. I think 
the statements you just - made now j Dr. Licldider,is representative of 
probably ^ alb of oiir views. There’ is something that we oiight to be 
doing. We ought to be looking very hard at the problem and the ques- 
tion is exactly what should we be doing. !1 1 :/ •••’ l . 

; 1 What should /the Nation be doing ? What should be done volun- 
tarily? What,'if anything, should be done in the way of legislation ? 

I commend the- Chairman for introducing this vehicle for purpose of 
discussion. We welcome your testimony. There is no question of your 
advising us whether nit fits 8809 or not, but as to what the Nation 
should be doing and what should^ if anything, Congress be doing to 
coordinate effoife. 

- f Mr; PucmsKii This country now is spending $17 billion a year on 
research. Some of this is Government money, some of this is private 
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money But in the United States today, within our country, there is 

an over the .country 

fic community, there is going to be a continuing pressure by the pubhc 
against these large Federal expenditures for research. As I have said 
many times, the way I got into tins is when a proposal was made on 
the floor of the House to impose limitations on a scientist and I said 
at that time, I am incapable of sitting in judgment on what a scientist 
is to do or is not to do. I want that scientist to be his own judge of his 

r6 13m oni?°wSy he can do that is if I make available to him a system 
of information retrieval which will provide linn with the infoimation 
that others have gathered so that he can be the final judge as to 
whether he wants to pursue his subject further or whether he is satis- 
fied with the research to date, or whether he wants to duplicate it. 

If the day ever comes when this country is going to interfere with 
the research efforts of its scientists, then that is the beginning of the 

Ln i/ it is'agr^ble to the committee, we are going to go into session 
in iust a few minutes, and I Have to be on the floor at noon. 

Would you like to go on, John, and continue? We are going to re- 

^Mr^ItaNBACK. I am going to have difficulty again in being here 
later this afternoon and, I would like to hear what the witness says. 
(At this point Mr, Pucinski withdrew from the hearing room.) 

Dr. ticknmER. Thank you, 1 Mr. New Chairman, Mr. Dellenback, I 
will go almost directly to a 1 discussion of what I think we oiight to do. 
I would like before doing that to try to give you gentlemen a p.i^ure of 
• • "■ l j* « Arkr-no nVnriflf a m3.lfi.isp. a lassitude m tlie field 




of scientific, ana ^cnnicanniuimatyix. V - W with 

regret because I think this is an extremely importantjeld.l with 

the comments that have been. made about how impoitant it n, to make 
good use of the information whave 

8 It is something I think we, can dp ab?ut ; So >1 . am really 
very sad to see what I think is an insufficiently activofiold. Now, I think 

it is in part laclc of a 1 clear ^t of goals, lack of cl^r direction. 

' Let me say I am wholly in favor of pluralism in our Government, 
in our Nation, in our society. But I am af raid that m.fhis field we have 
pluralism without clear goals ahd therefore su ff er unany of the dis- 
advantages' of pluralism and that we would do much better if we had 
more' clearly defined objectives and stronger leadership and the funding 

t0 1’sense frustration on the part of some of my .collogues, an d cer- 
tainly. in myself. In my own case it is tempered by the fact I happen 
to work in apart, of this field in the computer part, of it, winch is more 
active, better funded, happier than most of the other parts. So I. do 
not really corne l o. cry because of my own lot, but mtiior because I see 
not enough beirig done to/ solve the problem of the inundation ol 
Scientific and technical inf oimatioh in wH'icK we arei drowning. 
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B&cause of the lack of definite goals, I think, we focus upon and deal 
with relatively minor local issues and do not really get going on some- 
thing that will move us forward in a major way. 

The whole thing is regenerative. Because we do not plan boldly, we 
do not get the funds. Because *we do not get the funds, we see that we 
cannot do great things. And 'because we see we cannot do great tilings, 
we do not plan boldly. 

I should say a few things now about organizations or classes of 
organizations. I really do not mean to be critical of them as organiza- 
tions or even as classes, but critical of the general system within which 
we are operating. 

My friend here, Andrew Aines, in the Office of Science and Tech- 
nology, I consider to be a hero. Yet I cannot imagine that this highest 
scientific office in our executive branch should not have more staff. 
Perhaps it is not and should not be a major funding agency, but I am 
unhappy that it does not have more leverage to move so much that 
needs moving. 

COS ATI, the Committee on Scientific and Technical Information, 
is doing an excellent job for a committee of representatives of many 
individual departments. But it does not have that fulcrum that would 
let it move the world. 

The National Science Foundation, including the Office of Science 
Information Services, seems to me to be doing a good job within the 
prevailing context. But it is not to he equipped with the funds or with 
the clear definition of goals that would let it lead us to embark upon 
what I want to see us embark upon. 

The work in the National Library of Medicine on the Biomedical 
Communication Network is stall in a formulative phase, and so I 
cannot say much about that-^-except that I think the field of medicine 
is a good field in which to conduct pilot work in information transfer. 

The Committee on Scientific and Technical Communication of the 
two national . academies, on which. Dr. Cairns and Dr. Riegel will 
report, is not primarily focused upon how to move forward boldly to 
take advantage of the new technology. I think it is doing an excellent 
job within the conservative context, within the conservative formula- 
tion of the problem, but I am here really opposing the conservative 
formulation of the problem. :■ \ A. 

The professional societies and institutes, such as the American In- 
stitute - of Physics, are moving. The Chemical Abstract Service, I 
think, is doing a wonderful job within the constraints of its funding. 
Considering tfiat now is the time when we are trying to move from 
a Guttenberg technology, a technology of print on paper, into new 
technologies, partly microform but mainly digital computer and digital 
communication technology, however, it is not within the capacity 
of such an organization to make the bold steps firmly and rapidly to 
get over that transition. So the Chemical Abstracts Service, too, is 
somehow held in a period of difficult transition longer than it should 
be^longer than such a pioneering organization should be held. 

The profitmaking , corporations fall into several categories. The 
publishers are just now coming out of a frightful scare which held 
them in a defensive posture for several years, and I think they are now 
realizing that, the, new technologies are not so much a threat as a 
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a technology ’which is in part, as was said earlier here, readier to be 
used than we are to use it. So I am eager to do -whatever I can to 
help formulate a way for us to move forward. 

Now, here is my thesis: That we — I shall not say the United States 
because I think the whole thing lias an international flavor, but from 
a budgetary point of view, we almost necessarily mean the United 
States right now — should proceed now to formulate and begin to 
implement a plan to restructure and modernize om- scientific and 
technical communications. I think the bill can be an important focus 
in doing that. I think it is very important to state some definite goals. 
(I shaff try to do so in a minute.) And I particularly advocate mak- 
ing a commitment early to a method, making a commitment to the 
use — not just as an appurtenance but as a basic skeleton for the whole 
thing (in a way I shall try to describe) — of modern digital technology. 

Now, I emphatically do not say that the technology is all ripe and 
ready to go and all we have to do is let a contract to build an informa- 
tion system. What I advocate is a plan that includes research and 
development, and pilot activities, as well as efforts to make certain 
things operational. What I advocate is a way of putting a modem 
digital information skeleton into a system or network that includes 
many, existing operations, that involves the paper and ink technology 
and the microform technology as well as the digital one. 

I am talking about a time scale that may displease some of you gen- 
tlemen. I am thinking that we might achieve an initial operating capa- 
bility of an obviously modernized and much more, efficient system m 
10 years, but that it would take 20 years essentially to redo the way we 
handle our scientific and technical information and make it thoroughly 
modern and efficient. i. . . . . .■ 

Now, in order to proceed, I need to make some distinctions that 1 
think are already in your mind, but these are brief. ; 

Let me distinguish among three tilings: . 

First, the informal communications in which people— scientists and 
engineers as well as others — are always engaging in. This can be facil- 
itated, I believe, by improved communications, including digital com- 
munications, and including communications with and through coin- 

PU ^!eond, the formal content of publications, of books and journal 
articles, of documents. 

Arid third, the apparatus of finding and of access control. 1 hat in- 
cludes the indexes, the abstracts, the secondary services through which 
we get at the basic information that we want to read and understand. 

Those three things then — the informal communications, the formal 
content, arid the app aratus for finding and gaining access to the formal 

.content. ; = j 1 : ! , 

The next distinction is among the three techn ologi es I menti onecl . 



''' ; f .*■ *- '• ■ ■' ■■ ’ ■■ 4 ‘.'A-- -• K- V : : ikV'u '.. " 

Then, finally, the distinction among the components of our process 
of scientific and technical communications: 

First, the generation of information — from experimentation, from 
theoretical thinking, and so forth. : 



335 



Second, the storage of the information in a storage medium. 

Third, the processing of it — which, of course, includes both the 
organiz ing: of it,. so that it can be retrieved, so that it can be dissemin- 
ated, and so that it can be understood, and the actual selection ox parts 
of it ancLitke retrieval ox dissemination of those parts. . 

Fourth, tine transmission of the information from its store to its 

US ^nd fifth, the interaction of the user with the information presented 
to him through some kind of display— here I would include print on 
paper as a kind of display— through some kind of control— which in 
the case of a hook is merely thumbing the pages, but which m digital 
technology involves keyboards, switches, buttons, and so on. 

Now, given those distinctions, what I advocate, and urge upon 
your consideration, .and -see as consistent, with my understanding ot 
H.H. 8809 , viewed as a vehicle of discussion, is a plan which has many 
parts but is nevertheless simple and brief. , . 

The plan deals first with the mechanism or apparatus tor finding, 
for achieving access. Here X think there must be research and de- 
velopment, focusing on a pilot network for finding and achieving ot 
access that uses the digital technology. If there is any most essential 
part of what I have to sav. it is that we proceed stronglv to insert 
into the existing way of working, which has a very sluggish - nervous 
system” if it has a nervous system at all. a new nervous system : a new 
digital storage, processing, and transmission of the information that 
is now contained in abrtraces, indexes, and bibliographies— the infor- 
mation that lets us find what we are looking for. . ■ 

That first part of the plan is something that can be done _in the 
fairly near future through digital technology. We are used to finding 
fault with the methods of retrieval based cn descriptors and the like. 
And indeed, they do not work very well ii you have to lay out your 
full description and then see what you get back. But an essential 
feature of what I am talking about is interactive information preced- 
ing, interaction between the user and the system, through which he 
can “negotiate” his description of what he wants to find and shape 
it up” as the: system tells him what he would get if it processed the 
request as he initially stated it. He sees that he would retrieve too 
many, documents, or documents in the wrong area, and he revises his 

request and narrows it down. ; : , • . y • 

That is the first part of the plan, and if there is one major part, 

that is it. , *. v ; -. ■ _■ ' - : ■' : „ 

The second is to incorporate the new digital / nervous system, 
based on research and development and experimentation with a pilot 
system, into the operational system that we now have for finding and 
for achieving access. The present operational system consists of ab- 
stracts such as Chemical Abstracts, indexes such as Index Medzcus, 
and so on. I do not mean to displace immediately or precipitously 
the print and paper ways, we have. Far from it. I don t mean, to dis- 
place the ways we have of asking advice over the telephone, which 
is one of the best ways we have now. But I do think we can place 
this digital rie^otis .sy this : crticial digital subsystem, into the 
whole at a fairly early date— -and then let it take over functions at a 
natural rate, as fast as the digital technology permits, and as fast 
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as the economics permit, as fast as I2he inherent advantages of that 
way of doing it make themselves felt and win people over to that way. 

The third part of the plan is to foster use in other kinds of work — 
in decisionmaking, problem solving, and so on — of the terminal equip- 
ment; for example, consoles, that are an essential part of the digital 
nervous system. This is important because it means we won’t have 
to make the whole investment in digital equipment just for the re- 
trieval function. We will be using equipment that is also used hy scien- 
tists, engineers, research people, educators, and administrators m other 
parts of their work. For the sake of brevity, I shall say only “scientists 
and engineers” henceforth. 

The fourth part is to engage in research and development toward 
a pilot digital network for informal communication among scientists 
and engineers. Earlier, X stressed the importance of informal com- 
munication. The reason the digital network will be important is that 
there will be computers in the network, and the communication among 
the scientists and engineers will be facilitated by direct reference to 
and processing of stored information, with the aid of computer pro- 
grams, during the discussions. This will be very much more effective 
for many purposes than just talking over the telephone. I see this 
as making a second use of the digital “nervous system” that I am 
advocating. 

Fifth, the digital finding and communications network now would 
grow in use at a natural rate without much artificial stimulation. 

The sixth part of the plan calls for strong research and development 
on the use of computers in abstracting, indexing, siunm arizing, and 
modeling the essential information science and technology. Now, as you 
know, there has been some work — not really very much, but some — 
in using the computer to help in building up the indexes, to help in 
extracting the most significant sentences, the key elements, that are 
important bases of the apparatus for finding the content that we want. 
This use of the computer is very important because, if you project into 
the coming years the task of processing all the content of documents 
in order to build the indexes and the abstracts, you get into something 
like, perhaps not quite as overwhelming, but something like what 
the telephone comp any s got into when, back in the twenties, it projected 
its need for telephone operators on the basis of the expected growth 
of the telephone system. It is just necessary eventually to find auto- 
matic ways of indexing and abstracting, and current work is quite 
promising, at least for indexing. That is a good field. 

The seventh step is actually to incorporate this use of computers — 
perhaps not wholly automatic, but interactive, with men working 
closely with computers— into indexing and abstracting, into that part 
of the system that is concerned with finding and achieving access. 

The eighth part I consider to be slightly diversionary but necessary : 
to develop storage and dissemination m microform, and to try to bring 
about a situation in which many people actually have the convenience 
of micm form readers at arm’s length. Such readers are not terribly 
expensive, machines for converting microfiche and microfilm into read- 
able images. They may be necessary for an intermediate operating 
system, ’ They are not digital. For a long time it may be too difficult 
and expensive to handle all the content of science and technology in 
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the digital form. We are being overwhelmed by our efforts to handle 
it in. paper and pencil form. So I make this concession. Microform does 
not offer an elegant >or even a very good solution, but it may be neces- 
Sary to go through a microform period. . . 

The ndntli step is, then, to incorporate the microform techniques 
into the operational network and let them prosper if indeed they do 
so naiturally. „ 1 

TEhe 10th step is research and development on storage ox real con- 
tent — the content of documents and of the more advanced earners of 
knowledge that we hope to develop — in digital stores and the trans- 
mission of that information to the user in digital form. Why digital . 
Why not just pictures ? The important reason is that the mam bottle- 
neck in scientific and technical communication is not in the process of 
getting your hands on information. I have far too much information. 
My colleagues have far too much of it. The real bottleneck is m 
assimilating information after you have it in your hands. 

That is m y conviction, at any rate. That bottleneck or barrier is hid- 
den from us by now. The barrier that is more easily seen is the difficulty 
of obtaining precisely the information you need. But I am sure that if 
we really fixed it so everybody could obtain all the information that is 
directly pertinent to what he does, he would just have to shrug his 
shoulders and say, a I cannot contend with it.” We need help not just 
in finding and acquiring but in processing, in understanding, and in 
interacting with information. That help will come from digital com- 
puters and will therefore require the information to be in digital form. 
So I think we should press hard, with research and development, to 
master the storing and processing of the content of science and tech- 
nology in digital form. 

The 11th step would be to turn the research and development 
just mentioned onto progress toward a pilot digital information sub- 
system, a pilot subsystem that might serve two or three fields of sci- 
ence and technology, perhaps almost sufficient of itself but immersed 
in, fitted into, the operational system that uses the other technologies 
also. I would like to see the digital subsystem put on its own, as it were, 
to see whether it could support itself economically . It would be so at- 
tractive in many respects, I think people would be surprised how well 
that did, but it would for a long time require supplement from the 
other technologies. 

The final step will be — and it won*t come for many years-— the move 
from the older technologies to the all-digital computer-based tech- 
nology. „ . 

What I have been trying to describe is a way to get the digital system 
immersed within the present system without causing great dislocation 
of everything. I want a way that will offer the advantage of solving 
our problem of finding and our problem of access, and then do some- 
thing about the problem of understanding. 

-Given that, I would of course like to see careful attention to all the 
problems that presently occupy people — to the problem, for instance, 
of the interaction between Go v eimnent-su pported information agen- 
cies and private information agencies, to the problem of compatability, 
to the problem of consistent format (how to set fortli the authors’ 
names and titles, 8tr ifortli) : The suggested plan would provide a 
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focus for solution of those problems. It would provide the nervous sys- 
tem that would link together the many agencies that are involved, and 
it would make it unnecessary for someone in Washington to write let- 
ters saying, “Why don’t you fellows get together and try to do so and 
so.” They would ibe feeling the necessity of getting together mid doing 
it because they would be linked together and communicating. 

According to the plan, we would be dealing at first only with the 
bibliographic control information and not with the whole content of 
science and technology. . 

I think it would develop naturally that within the suggested net- 
work — within the distributed and highly pluralistic system — there 
would be some centralization of leadership. If there is any place in 
which I disagree with the tone of the bill, it is where the bill goes, I 
think, too far away from centralization of leadership. Let me be clear : 
not centralization of information but centralization of leadership. 

I think there should be one dedicated man or one small dedicated 
group of men who really want to see such a plan put into effect and 
succeed. They have to have close connections with the people who do 
the work — and with the Government. They have to have some control 
over funding, not control of all the funds but of enough to make things 
actually happen. They have to have the authority that goes with the 
responsibility. # 

It has been said that good things will happen eventually if we just 
let the situation alone because we have this God-sent new technology 
that is so great. I think that is true, but the time scale on which good 
things will happen will be much too slow, and we shall have been en- 
gulfed in this wave of information that is inundating us now, and the 
result will be bad. I think it is possible to make it good, but I think 
it will take the fairly vigorous and systematic approach that I advo- 
cate. . ■ 

: Will the technology really be able to support such a plan? Now 
some of the technology exists. We heard testimony earlier about excel- 
lent current technology. But I cannot say that I would embark upon 
the plan if I thought the technology would rest at its present level, 
if I thought we would always be usmg the mode! 2314 disk files the 
gentlemen mentioned. They are excellent disk files, but the cost level of 
a comprehensive service based on present-day technology would be 
high and the performance would not be great. 

But let me talk a minute about what happens in the computer field* 
what has been happening since the early 1940*s. If one measures the 
amount of information processing that can be done for a dollar, accord- 
ing to almost any reasonable engineering measure, he finds that we 
have been getting twice as much processing per dollar about every 
2 years. The cost per unit of processing has been halving about every 
2 years. 

Now one does not see that if he buys a computer system and develops 
a software system because he .gets on one step of the technology and 
stays there for 6 or 8 years. lie certainly does not see it if he tries to 
compete with somebody who has bought a later model computer. 

This ideed has been one of the frustrating things in the computer 
field. It has for a long time now been economically necessity to move 
on to a new generation before you ’have really mastered the old one. 
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Many of our applications liave therefore been in continual chaos. To 
some extent we are learning to live with the problem. As one of 
you gentlemen, mentioned, we are not really throwing away the old 
system. We are amortizing it over more and more years. We are think- 
ing of its lifetime — of a “generation” as 8 years or 10 rather than 2 or 
3 or I, and we are learning to add new equipment to old systems, to 
supplement and modernize and improve the old rather than to replace 

^ But the point is that what makes it possible to think boldly now is 
that we have a technology that is doubling in power every 2 years. 
After 10 or 20 years you really notice such an advance. The gam is 
a factor of 32 in 10 years, a factor of 1,024 in 20 years. 

I have been in the computer field long enough to feel the advance. 

I remember my second computer, the one I really fell in love with. As 
just a basic computer it cost $150,000. By the time we had a system, the 
total cost was half a million. A computer of the same capability can 
now be bought for $15,000. The other parts of the system — .the ap- 
purtenances — have not come down that fast, but the general trend is 

really a fact. . 

The other face of that coin is that the functional capabilities of com- 
puters are going up rapidly. The speed of a processor is doubling about 
every 2 years. The amount of memory that can be introduced into a 
system is doing the same. The vast stores of “secondary memory” are 
growing even faster than that. 

The display field did not get started until a few years ago. It is 
really only 3 or 4 years old as a commercial field, but it is moving very 
rapidly. It is almost impossible to buy a display console without hav- 
ing the company say, “We are sorry ? you delayed your order, and the 
price is now down 20 percent.” The time it 'takas to place orders is long 
compared with the time between price cuts. 

Will there be people capable of implementing such a plan as I de- 
scribe? Here I do speak from the privileged position of a university 
professor. At last the universities- are., starting to graduate a new 
generation of professionals in the computer and information sciences. 
The new generation has great new capabilities. All of us old fellows 
are practically obsolete. The young ones do it naturally and fast. TVn 
have .to sit around and ponder and think and hesitate, but to them it 
comes quickly, and they are starting to flow. Many of the major univer- 
sities now have important .programs in just the area we are talking 
about : interactive computing, computer science and engineering, infor- 
mation science and engineering. , . 

• Perhaps I might mention a few of the universities, other than my 
own: University of California at Berkeley, Stanford University, 
University of California at Los Angeles, University of California at 
Santa Barbara, University of California at Irvine, University of Utah, 
University of Illinois, Washington University in St. Louis, Carnegie 
Mellon University . There are more, but that is enough to indicate that 
something is happening. Four or 5 years ago there was no such thing. 
There were no “native” professionals, in this field. They are all from 
somewhere else. I, for example, am from psychology.; My predecessor 
. as director of Pr 03 ect MAO is from the field of communication. 

Is there any precedent on the basis of which one can suppose that, 
if we do the work to implement such a plan as X propose, something 
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would really happen — or is it just a hope? In the field of multiple- 
access interactive computing — often called “time sharing”— it was just 
a few short years between when there was none at all and when there 
were more than 200 commercial concerns in the United States provid- 
ing on-line multi-access computer service. Thousands of people now sit 
at typewriters and type to computers, and the computers solve prob- 
lems and print out answers. 

I was overwhelmed by^ the rate at which multiple -access computing 
developed. I did not suppose anything in our country could move that 
rapidly. But I was not fully appreciating what a combination of Gov- 
ernment supported research and development, education, and the 
profit motive can do. 

What became commercially prevalent and very successful was only 
the first step. It provides only a very primitive kind of problem solv- 
ing at the computer console, but more is coming. 

Incidentally, it is clear that such things can be done without the 
expenditure of billions of dollars. I am talking about millions, not 
billions. 

Earlier, I said something about the trends of the economics of digital 
information processing. What I said referred mainly to hardware. Let 
me say something about software, that is computer programs and 
data. 

Our worst problems now are software problems, problems of pro- 

f raming very complex systems. The network of which I spoke will 
e complex, but not horrendous. One can see what has happened in 
the software field by looking at the development of programs called 
“compilers.” 

The first compiler took 300 man-years to produce, ran miserably 
slow, was very long and involved. Now two or three young fellows 



in a software house, working for 3 months, can make a better one. In 
just a few years, what was an ad hoc empirical art turned into some- 
thing approaching a science. 

Other parts of the software field are advancing in the same general 
way. Although I am not sanguine at all about developing complex 
software systems that have to work the first time — for example, soft- 
ware for a missile-guidance system that had to work the first time it 
was fielded— in this ease I am sanguine. I think the software for 
information systems can be mastered. 

Now to a few other topics that I consider pertinent : 

I hear discouraging statements from my colleagues in the book- 
publishing business about how much it would cost to store the con- 
tents of a library on magnetic tape. Such statements drive me up the 
wall because nobody in his right mind would store the contents of a 
library on magnetic tape. What he might store them in is a digital 
storage system of the kind IBM delivered in 1967 to the Lawrence 
Radiation Laboratory. Actually IBM delivered two of them, one to 
Livermore and one to Berkeley. The system — which represents just 
the first stage of development of this technology— is based in part on 
writing with an electron beam on a small chi p of film in a vacuum and 
in part on handling the little chips of film pneumatically, putting 
them in little celluloid or plastic containers and blowing the contain- 
ers from place to place. The system is fast and reliable, and it gets, 
the storage costs down to something like this : 
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Let us think of a book as consisting of say 250 pages of 4,000 char- 
acters per page, just to have a simple visual image in mind. Such a 
book contains about 1 million characters. The contents of 100,000 
such books could be stored in one of the IBM systems. In 1967 such 
a system cost about $1 million. That figures out to about $10 to 
store the contents of a book. Well, if you go to a bookstore, you see 
it costs about $10 to store the contents of a book in a book. So there 
is one part of the digital technology that is here now. 

Not many of the film-clip systems were made, but more could be 
made. The technology will be easy to improve it. Another step will 
make it much better. At the end of another step, it will be less 
expensive to store information in such a system than it will be to 
build the building in which to put an equivalent collection of books. 

I must mention the problem of “critical mass. 55 Many things in the 
computer and communication fields are expensive to do in small 
quantity but inexpensive to do in the mass. If we could ever get to 
running a nationwide information system that was mainly electronic, 
mainly digital, so that we could fill up the channels with information, 
then we could speak as though we were one of the broadcasting 
systems. 

We could talk with the telephone company about channels, and 
the telephone company would say, “We will give you 4.5 megahertz 
bandwidth (through which a good engineer could transmit about 
1 million characters a second) for a dollar per mile per hour. 55 That 
is the rule of thumb in the broadcasting industry. At that rate, to 
transmit a book from New York to Chicago costs . about 30 cents. That 
is very, very much less than the cost of transmitting a book over a 
voice grade line. 

Where we are headed, costs are not great. The problem is to get 
there. The difficult thing is the period of transition and growth. 

I mentioned the way the price of displays is going down. My pred- 
ecessors mentioned “line printers” that turn out printed copy. Now 
you can actually get a little line printer for $5,000 or $6,000. It prints 
at a pretty good clip. It has only capital letters, but it could have 
lower case letters and all the punctuation marks for another thou- 
sand dollars. Taking $7,000 price as the cost of a printer, and figuring 
on the basis of its present printing speed, one concludes that he can 
duplicate books of 1 million characters for 50 cents apiece— if 
not in the reader’s office, in the building where the reader has his 
office. It is something you can look forward to without straining the 
technology. 

That is probably enough examples. What I am saying is that I al- 
most agree with the gentleman who said the technology is here. I 
agreed when he said that it is readier than we are, and that the prob- 
lem is to master it and put it to use. 

In all the foregoing, I have spoken as though the document, the 
formal content of the document, is really the thing in which we are 
fundamentally interested. But all you can dp with that is read it, and 
human reading is very slow and unsatisfactory. If you watch a com- 
puter take in information, you get a terr?bA inferiority complex about 
human reading rates. You are driven to think, and you realize that, if 
you had a friend who knew what is in a given book, and you went to 
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your friend and talked about your problem with him, he could tell 
you what you need to know in a much shorter time than you could get 
it by scanning and reading the book. 

So I want to mention some of the things that are now under re- 
search and that are moving along fast enough that they will come into 
the national information network within a decade or so. 

Let me mention “Hypertext / 5 Hypertext is a concept developed by 
a young information scientist named Ted Nelson and also by a young 
computer scientist named Van Ham. Van Ran is at Brown Uni- 
versity, and Hypertext is demonstrated on a computer there. If you 
get a chance to drop by and see it, do so. A related approach is being 
developed by Doug Engelberg at Standford Research Institute. 

The idea here is that you really do not want to work with just 
linear strings of words or characters as they are printed in a book. 
You might like, for example, to point to a word in the text and im- 
mediately be shown more about the idea it suggests or conveys. As 
implemented with the aid of a computer and a display, Hypertext 
lets you do that. It lets you interact with the information. It suggests 
new approaches, and it makes it easy to realize that you do not want 
to move into the future with the limited concept of document that 
you were brought up with. It is not going to be necessary to accept 
such limitations. 

The other concept I want to mention is the concept of computer - 
program model. What is written in a document is static, and the 
only way to see what it means in terms of behavior or action or 
processes to read It, and tliink about it, and to understand it, and then 
imagine it to happen. But when you store information in terms of 
models in computer programs, then there are two forms. First, there 
is a static form. You can read the program, and if you are a computer 
huff and know the language you can tell what it is about. Second, 
there is a dynamic form. If you put the programed model into a com- 
puter and push the start button, the model comes to life, as it were; 
it behaves^ and you <&h Interim ! | 

If the model is a model of the special theory of relativity, and if 
you are trying to understand it in the ordinary way, you have to read 
it, look at ;f ormulas and graphs, and try to irhagine what it would be 
like to go hear the speed of light, to see every thing contract, to expend 
more ahd : more energy in an effort to accelerate yet to accelerate less 
anidless. ‘ r * A’ V ? . .1 * ' ’ ' . 

On the Pther ; hand, if the model is programed, if the theory is 
modeled in a computer, you can sit 'before a display and watcli yourself 
drive a simulated vehicle swiftly through space. You watch the mileage 
markers go by, see everything you pass get smaller as you speed up, 
ever look at the speedometer and odometer of a friend’s vehicle going 
in a different direction at a different speerl, chase him if you like, get 
a feel of how it is to operate under the Fitzgerald -Lorenz 
transformations. 

The two concepts suggest that, when we get into this domain I am 
talking about, ^information will hot be stored in the way it is stored 
now in documents. The whole process is going to change. 

I have a friend' at MIT, Joel Moses who works in mathematics in 
the field 'of. integration: His computer programs carry out symbolic 
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integration about as well as a good mathematician does. The knowledge 
of integration is built into the programs. It is not written in a docu- 
ment. It is incorporated into the programs. That is the way it will be, 
to an every increasing extent, in the future. 

A reason for wanting to move scientific and technical communi- 
cation into this new world, and a reason for thinking it will be pos- 
sible to do so, is that there is a strong trend toward, use of computer- 
program methods in research, in problem solving, in thinking about 
data. Computer- program modeling does not have to depend upon 
its applications in scientific and technical communication for its sup- 
port because modeling is used throughout science and engineering 
in developing theory and testing theory against data. We shall be 
having these computer-based facilities built up in universities and 
other research organizations, and they will be there to support the 
library and the document room as well as the laboratory and the 

office. . „ 

About standards and coherence in scientific and technical commu- 
nication, the two things that are most important to say are: First, 
they do not develop by themselves^ of their own rd. Second, they 
tend not to develop if the situation is allowed to grow piecemeal. 
Piecemeal growth produces the Tower ox Babel phenomenon, chaos. 
On the other hand, defines and adopts goals for overall systems, then 
the people who make subsystems think of themselves iu the subsystem 
role. They do not always bow to the higher-level leadership and 
try to meet its requirements, but they know, about the overall sys- 
tem, and tliey interact with their peers, with people at the same level, 

in such a way as to mbrmiize the friction among the subsystems, to 

avoid incompatibility. : * . y . ,/' . ! 

Standards tend to come more or less automatically if you have 
goals for the overall system or network. 

At present, we do not have, clear system goals, and our subsystems 
lack compatibility. We are in poor .condition 1 vis-a-vis standards. 

/ Finally, about the relation of ail this to younjg people: I work 
with ‘ young people at MIT. My son 7 is a senior at Harvard, so I 
know some Harvard students. Most of those young people are superb 
when judged in terms of wllat they accomplish, what they are capa- 
ble of doing, how tliey ; arb : getting : along; with their work. But they 
are, as you well know, in astute ol unrest and dissatisfaction. I think 
a lot of it comes from the feeling that, throughout the adult world, 
and certainly in the world of scientific and technical communication, 
things are slipshod and disorganized, and nobody is really doing much 
about it. They see the fabulous' facilities' with which their professors 
do their research, and they have a' notion of what could be done with 
such facilities. Indeed, they have ideas about how to accomplish great 
things, but they see few great things beim* accomplished. That may 
be just a part of the cause of the unrest; but it is a real part. 

In my own son’s case, it is a big part. I think we are at a crux: 
whether to let the generation that is now, coming up build such a 
network as we have been talking about; or whether to pass the oppor- 
tunity by and let the new gehefati on of. information and computer 
scientists wait until it occupies the, key decisibnmaking positions. . 

I mentibried the regenerative character of the information system. 
It is the system that ought to help us think and solve problems, in- 
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eluding problems concerning the information system. The better it is, 
the faster we can make it better still. 

I think the information system is the nervous system of society. I 
think that in the long term, it is the most important single subsystem, 
though there may be more crucial things this year or next. For the 
long pull, over the next 20 years, it is the most important single 
thing. 

To develop a national information network would be a wonderful 
national project. It would provide a goal worthy of the energies of the 
new generation of information and computer scientists. Some of the 
older people have to contribute to the creation of the plan, of course — 
the younger people are not used to making national plans yet. That 
will come. 

I know there are pitfalls. I cannot give you any guarantee. But I 
close by saying that my humble, earnest advice is to put a major effort 
into scientific and technical communication. Make it a national effort 
with a carefully phased plan and a sufficient long-term commitment. 
Take advantage of digital technology. And take advantage of the 
enthusiasm and capability of the younger generation. 

Mr. Bell. Thank you very much 7 T> r. Bicklider. This is one of the 
best testimonies I have seen come before this committee. The thorough- 
ness with which you described the problems at hand and the language 
which you used made it understandable, at least partially. 

I have a couple of questions, Doctor : Would it be correct to describe 
our present situation as a kind of giant octopus with an excised nervous 
system, aimlessly flapping its tentacles, exhausting its energies with- 
out making any headway at the present time ? 

Dr. Dicklider. l^ot quite; though nearly. I want to revise that a 
little bit. It is not as bad as a system would be if it once had a nervous 
system and that nervous system were removed. That would leave no 
local control. 

It is more like a multicellular organism that never had much of a 
nervous system and depends mainly on local interactions, that does not 
have a well-developed forebrain, or any brain at all. It is not making 
much progress. 

Mr. Bell. You are saying we are making some progress, but not 
enough progress and that part of the problem, as I get from what you 
mentioned, is the need for a little: greater leadership. 

As you mentioned in your testimony there is going to have to be 
some force or some group of men or group of people or one person 
that is going to have to take the lead. 

Dr. Cxcklider. I did not mean a czar, of course. I meant a dedicated 
leader. Goals, funds, organization— tempered with respect for 
pluralism. 

Mr. Bell. Is it needing a great deal of pliability and operational 
divergence to make it possible for it to work and I assume this leader- 
ship must come from the Federal Government. Is this what your 
thought is? 

Dr. IjICklxder. I would suppose that it must. I think it would come 
into the Federal Government, in large part, from the private sector. 
If the leadership is in the Federal Government now, it probably came 
initially from the private sector. I think the situation requires a small 
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group of people dedicated to the concept of an advanced information 
network, people who behave neither like career civil servants nor like 
private entrepreneurs. They would have to give a good part of their 
lives to definition rvnd achievement of a national goal. 

Mr. Bell. Could you give in a kind of brief capsule form a kind of 
visual picture of just practically how this kind of program ideally 
should be set up. Physically, are we talking about? Obviously we are 
not talking about a central storage area for retrievable information. 
We are talidng about the various areas of it. Can you describe in gen- 
eral how you get all of these segments into it and just generally how, 
what one picture might be in this ? 

Dr, X^icklider. There are two kinds of organizations in such a sys- 
tem. First, there is the organization of the people who 'bring it about. 
That is complex because the people are already in organizations, and 
what is required is an organization of the organizations. And that is 
difficult to effect. It is probably unwise to point to some particular 
Government agency and say the leadership should come from it. These 
things depend a lot upon immediate circumstances, upon who has or 
can get money, upon who has the allegiance of many of the people 
who are already working. 

The second organization is that of the system or network itself. It 
is complex because, as I described it, it involved research and develop- 
ment and pilot networks as well as— at all times— the currently oper- 
ating system.; There must be a continual movement from research to 
development to pilot operation and into the operating system, or back 
through further research and development. 

I think one good rule to keep in mind is that information ought to 
reside near the people who generate and use it. Information is a living 
thing. If it is just left idle, it dies. Even the meanings of words 
change. If an index, for example, is not updated from time to time, 
it loses its value. 

One uses the phrase, “a network of networks,” to describe the kind 
of system I have in mind. It would not be a monolithic or tightly inte- 
grated system, designed by a single firm, laid down with the help of 
“Mother Bell,” and forced upon everybody. It would be a loose — but 
planned and synergic— confederation of subsystems and subnetworks, 
some operated by business and industry, some by universities, some by 
the Government. They would be linked together. Most people think 
immediately in terms of common-carrier linkage, but also in the pic- 
ture are satellite interconnection 3 and even privately owned coaxial 
cable and microwave facilities. 

The configuration of the “network of network” changes from mo- 
ment to moment. Switching reconfigures the system. -Computers are 
extremely good at bookkeeping. They can remember who used what 
and how much he owes. They can handle the billing, even though the 
network be complex. 

Mr. Bell. Mr. JDellenback ? 

Mr. Dellenback. I think there is a lot that is most provocative in 
what you said. I wonder when you set up goals* and set up objectives 
that you feel we ought to be reaching for with anything we do, have 
you ever sought to reduce this to legislative language or have you 
ever faced this type of problem, because, while 8809 is admittedly by 
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all concerned a springboard and while you at several points in your 
testimony set up a series of goals that you feel we ought to move m 
the direction of , we still have the translation problem of taking that 
and reducing it, if we are to do anything legislatively to the bill. 

Now, I don’t mean this should be your task : this is essentially our 
task after we sort out objectives, but I wonder if you have done any- 
thing like that in facing this problem so that you will not only be 
able to talk specifically as Mr. Bell just asked you to talk, but talk in 
the field of concepts as you did with your testimony. Have you faced 
this last transitional step? . 

Dr. Liciclider. No, sir ; I have not. It sounds fascinating, but I have 
not tried to reduce any such thing to legislative language. 

Mr. Bell. We appreciate very much the testimony. I am sure Mr. 
Pucinski will review it as soon as it is available to him. I intend to 
go back over it myself and read the translation step and see where we 
should go next. 

I thank you very much for your testimony again. It is an excellent 
job you did. 

(Dr. Lic-ldider submitted the following material for the record:) 

[An article from Science and Technology, a Conover-Mast publication, 205 East 42d St., 

New York 17, N.Y.] 

(When computers are coupled to communication lines it changes the mean- 
ing of communciation. This occurs in two ways. The first is that the communi- 
cation line is used to carry data instead of voices, and thus the power of com- 
puting machinery can be brought to anyone who needs it, wherever he may be. 
The second is only just coming into sight, and is far more important. It is the use 
of the computer as a communication device in itself— as an intermediary be- 
tween people. Surprisingly, this promises to bring a new depth of intellectual 
interchange to the fine old art of face-to-face communication. Indeed, although 
authors J. C. R. Bicklider and Robert W. Taylor worked face-to-face with senior 
editor Evan Herbert to prepare the section that follows, they foresee a day 
when people of similar interests will work with each other through a network 
of computers — even when they are in. the same room.) 

In a few years, men will be able to communicate more effectively through a 
machine than face to face. : • . 

That is a rather startling thing to say, but it is our conclusion. As if m con- 
firmation of it, we participated a few weeks ago in a technical meeting held 
through a computer. In two days, the group accomplished with the aid of a com- 
puter what normally might have taken a week. 

As you can see from the photo on the next page (and we shall talk more about 
the mechanics of the meeting later ) ; we were all in the same room. But for all 
the communicating we did directly across that room, we could have been thou- 
sands of miles apart and communicated just as effectively— as people — over the 
distance. - ■ ’ ! ; = :s;, \ '*'■ : ■’ ■' ■" . 

Our emphasis on people is deliberate. A communications engineer thinks of 
communicating as transferring information from one -point to another in codes 
and signals. 

But to communicate is more than to send and to receive. X>o two tape recorders 
communicate when they play to’ each other and record from each other? Not 
really — not in our sense. We believe that communicators have to do something 
nontrivial with the information they send and receive. And we believe that we 
are entering a technological age in which we will be able to interact with the 
richness of living information — not merely in the passive way that we have be- 
come accustomed to using books and libraries, but as active participants in an 
ongoing process, bringing something to it through our interaction with it, and 
not simplv receiving something from it by our connection to it. 

To the people who telephone an airline . flight operations information service, 
the tape recorder that answers seems more than a passive depository. It is an 
often-updated model of a changing situation— a synthesis of information col- 
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lected analyzed, evaluated, and assembled to represent a situation or process 

“sgcwsK-* 

the tape recording Is not ^ fl a "f®^L^ e t he^ increasing significance of the jointly 

of 

S^nteraXnew id^s emerge. We want to talk about the creative aspect of 

C °CrMt n ive ltl interactive communication requires a plastic or moldaWe medium 
that 4 n be modeled, a dynamic medium in 

sequences, and above all a common medium that can be contributed to ana e 

I>e s i ^h n a e mJdhL b fs at* hand — the programmed digital computer lts presence can 
change the nature and value of communication even more .P'^^r^r^ed 
thp Drill tine press and the picture tube, for, as we shall show, a wen 
computer ta n provide direct access both to informational resources and to the 
processes for making us of the resources. 

COMMUNICATION 1 A COMPARISON OF MODELS 

To under stand how and why the computer can have such an effect on com- 
miScation we must examine the idea of modeling-in a computer and with 
the aid of a computer For modeling, we believe, is basic and central to com- 
m^ication Any communication between people about the same thing is a com- 
mon revXtory experience about the informational models of that thing. Each 
model is a conceptual structure of abstractions formulated initially in the mind 
S one of tte ^rsons who would communicate, and if the concepts in the mind 
nnnfhpr there is no common model and no communication. 

Bv far the most numerous, most sophisticated, and most important models are 
those that re^df in men’« minds. In richness, plasticity, facility, and economy, 
the mental model has no peer, but, in other respects, it has shortcomings. It will 
not stand still for careful study. It cannot be made -to repeat a run. No one knows 
lust how it workf lt serves its owner’s hopes more faithfully than it serves 
reason. It has access only to the information stored m one mans head. It can 
he observed and manipulated only by one person, 

Society rightly distrusts the modeling done by a single mind. Society demands 

concensus, agreement, at least majority. ^ S into°so^l d°egr 4 (rf 

miirement that individual models be compared and brought into some degree 01 
accor?^ ^The Requirement is for communication, which we now define concisely 
as “cooperativemodeling”— cooperation in the construction, maintenance, and use 

0 f How°can we be sure that we are : modeling cooperatively, that we are com- 

m When'peopl^^^mfuntcate^ace^^fmSf they externalize their models so they 
can be sure they are talking about, the same thing. Even such a simple extei- 

mIM model as a flow diagram or an ^^s^nSta^e of 

the communicators— serves as a focus for discussion. It changes tne nature 01 
commuuication : When communicators have no such common framework, they 
merely make speeches at each other ; but when they have amampulable model 
before them thev utter a few words, point, sketch, nod, or object. 

The dynamics of such communication are so model-centered as to suggest 
an important conclusion: Perhaps the reason present-day two-way feZecom- 
munication falls so far short of face-to-face commni cation is simply that it 
fails to provide ‘facilities for 'externalizing models. Is it really seeing the expres- 
sion in the other’s eve that make the face-to-face conference so much more pro- 
ductile ttan the* telephone conference . call, or is it being able to create and 
modify external models? 

the project meetinq as a model 

In a technical project meeting, one can see going on, in fairly clear relief, 
the modeling process that we contend constitutes communication. Nearly every 
reader can recall a meeting lie, Id during the formulative 

member of the project brings to such a meeting a somewhat different mental 
model of the common undertaking— its purposes, its goals, its plans, Its progress, 
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and itg status. Each of these models interrelates the past, present, and future 
states of affairs of: (1) himself; (2) the group he represents; (3) his boss; 
(4) the project. 

Many of the primary data the participants bring to the meeting are in un- 
digested and uncorrelated form. To each participant, his own collections of data 
are interesting and important in and of themselves. And they are more than files 
of facts and recurring reports. They are strongly influenced by insight, sub- 
jective feelings, and educated guesses. Thus, each individual’s data are reflected 
in his mental model. Getting his colleagues to incorporate his data into their 
models is the essence of the communications task. 

Suppose you could see the models in the minds of two would-be communicators 
at this meeting. You could tell, by observing their models, whether or not com- 
munication was taking place. If, at the outset, their two models were similar in 
structure but different simply in the values of certain parameters, then com- 
munication would cause convergence toward a common pattern. That is the 
easiest and most frequent kind of communication. 

If the two mental models were structurally dissimilar, then the achievement 
of communication would be signaled by structural changes in one of the models 
or in both of them. We might conclude that one of the communicating parties 
was having insights or trying out new hypotheses in order to begin to under- 
stand the other — or that both were restructuring their mental models to achieve 
commonality. 

.The meeting of many interacting minds is a more complicated process. Sug- 
gestions and recommendations may be elicited from all sides. The interplay may 
produce, not just a solution to ja problem, but a new set of rifles for solving 
problems. That, of course, is the essence of creative interaction. The process of 
maintaining a current model has within it a -set of changing or changeable rules 
for the processing and disposition of information. 

The project meeting we have just described is representative of a broad class 
of human endeavor which may be described as creative informational activity. 
Eet us differentiate this from another class which we will call informational 
housekeeping. The latter is what computers today are used for in the main ; 
they process payroll checks, keep track of bank balances, calculate orbits of 
space vehicles, control repetitive machine processes, and maintain varieties of 
debit and credit lists. Mostly they have not been used to make coherent pictures 
of not well understood situations. 

iWe mentioned earlier that the photo of the meeting at the beginning of this 
article showed us interacting with each other through a computer. This meet- 
ing was organized by Doug Engelbart of Stanford Research Institute and was 
actually a progress-review conference for a specific project. The subject under 
discussion was rich in detail and broad enough in scope that no one of the 
attendees, not even the host, could know all the information r etaining to fthis 
particular project. 



Tables were arranged to form a square work area with five on a side. The 
center of the area contained six television monitors which displayed the alpha- 
numeric output of a computer located elsewhere in the building but remotely 
controlled from a keyboard and a set of electronic pointer controllers called 
“mice.” Any participant in the meeting could move a nea:rt>y mouse, and -thus 
control -the movements of a tracking pointer on the TV screen for all other par- 
ticipants to see. ’ ' 

Each person working on the project had prepared a topical outline of his par- 
ticular presentation for the meeting, and his outline appeared on the screens as 
he talked— providing a broad view of his own model. -Many of the outline state- 
ments contained the names of particular reference files which the speaker could 
recall from the computer to appear in detail on the screens, for, from the beginning 
of the project, its participants had put their work into the computer system’s files. 

So the meeting began much like any other meeting in the sense that there was 
an overall list of agenda and that each speaker had brought with him (figuratively 
in his briefcase but really within -the computer) the material he would be talking 
about. 

The computer system was a significant aid in exploring the depth and breadth 
of the material. More detailed information could be displayed when facts had to 
be pinpointed ; more global Information could be displayed to answer questions of 
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relevance and interrelationship. A further version of this system will make it pos- 
sible for each participant, on his own TV screen, to thumb through the speaker's 
files as the speaker talks— and thus check out incidental questions without inter- 
rupting the presentation for substantiation. 

Obviously, collections of primary data can get too large to digest. There comes a 
time when the complexity of a communications process exceeds the available 
resources and the capability to cope with it ; and at that point one has to simplify 
and draw conclusions. 

I-t is frightening to realize how early and drastically one does simplify, how 
prematurely one does conclude, even when the stakes are high and. when the 
transmission facilities and information resources are extraordinary. Deep model- 
ing to communicate — to understand — requires a huge investment Perhaps even 
governments cannot afford it yet. 

But somedas r governments may not be able not to afford it For, while we have 
been talking about the communication process as a cooperative modeling effort in 
a mutual environment, there is also an aspect of communication with or about an 
uncooperative opponent. As nearly as we can judge from reports of recent inter- 
national crises, out of the hundreds of alternatives that confronted the decision 
makers at each decision point or ply in the “game,” on the average only a few, and 
never more than a few dozen could.be considered, and only a few branches of the 
game could be explored deeper than two or three such plies before action had to 
be taken. Each side was busy trying to model what the other side might be up to — 
but modeling takes time, and the pressure of events forces simplification even 

when it is dangerous. . _ . . . . 

Whether we attempt to communicate across a division of interests, or whether 
we engage in a cooperative effort, it is clear that we need to be able to model faster 
and to greater depth. The importance of improving decision-making processes — 
not only in government, but throughout business and the professions — is so great 
as to warrant every effort. 

THE COMPUTER SWITCH OR INTERACTOR? 

As we see it, group decision-making is simply the active, executive, effect- 
producing aspect of the kind of communication we are discussing. We have com- 
mented that one must oversimplify. We have tried to say why one must over- 
simplify. But we should not oversimplify the main point of this article. We can 
say with genuine and strong conviction that a particular form of digital computer 
organization, with its programs and Its data, constitutes the dynamic, moldable 
medium that can revolutionize the art of modeling and that in so doing can 
improve the effectiveness of communication among people so much as perhaps to 
revolutionize that also. 

But we must associate with that statement at once the qualification that the 
computer alone can make no contribution that will help us, and that the computer 
with the programs and the data that it has today can do little more than suggest 
a direction and provide a few germinal examples. Emphatically we do not say : 
“Buy a computer and your communication problems will be solved. ' 

What we do say is that we, together with many colleagues who have had the 
experience of working on-line and interactively with computers, have already 
sensed more responsiveness and facilitation and “power" than we had hoped for, 
considering the inappropriateness of present machines and the primitiveness 
of their software. Many Of us are therefore confident (some Of us to the point 
of religious zeal) that truly significant achievements, which will markedly 
improve our effectiveness in communication, now are on the horizon. 

Many communications engineers, too, are presently excited about the appli- 
cation of digital computers to communication. However, the function they want 
computers to implement is the switching function. Computers will either switch 
the communication lines, connecting them together in required configurations, 
or switch (the technical term is “store and forward") messages. 

The switching function is important but it is not the one we have in mind 
when we say that the computer can revolutionize communication. We are stress- 
ing the modeling function, not the switching function. Until now, the communi- 
cations engineer has not felt it within his province to facilitate the modeling 
function, to make aii interactive, cooperative modeling facility. Information 
transmission and information processing have always been carried out separately 
and have become separately institutionalized. There are strong intellectual and 
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• i Knnckfif'c fn Tpalized bv tbs mGlding of tbsss two tGOhnolo^ics. There £Lrs 
also ho" as w!n appear lateX this isfue, powerful legal and administrative 
obstacles in the way of any such melding. 

distributed intellectual resources 

We have seen the beginnings of communication through a computer com- 
munfcaUon among peopl! at consoles located in the same room or on the same 
university campus or even at distantly separated laboratories of the.same 
™ J®rch and development organization. This kind of communication— through 
n s intrie multiaccess computer with the aid of telephone lines is beginning to 
foster coorcration and promote coherence more effectively than do Present ar- 
rangement^ for sharing computer programs by exchanging “ a ?"®p lc th ^ t 
messenger or mail. Computer programs are very important because they tran- 
scend mere “data” — they include procedures and processes for structuring and 
maniDvdating data. These are the main resources we can now concentrate and 
^are with the aid of the tools and techniques of computers and communication, 
hut they are only a part of the whole that we can learn to concentrate and share. 
The whole includes raw data, digested data, data about the location of data- 
ind documents — and most especially models. , 

To appreciate the importance the new computer-aided communication can 
have oSe must consider the dynamics of “critical mass ” as it applies to co- 
oneration in creative endeavor. Take any problem worthy of the name, and you 
find onlv a few people who can contribute effectively to its solution Those people 
must be brought into close intellectual partnership so that their ideas can come 
Tntf contact with one another. But bring these people together physics ly in 
one place to form a team, and you have trouble, for the most creative . People are 
often not the best team players, and there are not enough top positions in a 
sin^e organfzattan to keep them all happy. Let them go their separate ways 
and each S creates his own empire, large or small and devotes more time fo the 
‘ of pinueror than to the role of problem solver. The principals still get together 
^ mfeK They stni visit one another. But the time scale of their communi- 
cations* sketches 7 out, and the correlations among mental models degenerate 
between meetings so that it may take a year to do a week’s communicating 
There has to be some way of facilitating communication among people without 

h'A^ingle^m^ltiacce^^ominde^wouid fill the bill if expense 

thm-e is no way, with a single computer and individual communication Bnes to 
severa\ S geographically separated consoles, to avoid paying an unwarrantedly 
large bill for transmission. Part of the economic difficulty lies in our Present 
on^miirrintinns svstem When a computer is used interactively from a type- 
writer console, the signals transmitted between the console and the computer are 
intermittent and not very frequent. They do not require continuous access to a 
telenhone channel; a good part of the time they do not even require the full 
inSation^ r£te of such a channel. The difficulty is that the common carriers 
do not provide the kind of service one would like to have— -a service that would 
let one have ad lib access to a channel for short intervals and not be charged 

^ Xt^seenis Idcely^liat a store-and-forward (i.e., store-for-just-a-moment-and- 
forward-right-away) message service would be best for this purpose, whereas 
the common carriers offer, instead, service that sets up a channel for ones in- 
dividual use f or a period not shorter than one minute. . 

The problem is further complicated because interaction with a computer vm a 
fast and flexible graphic display, which is for most purposes far superior to 
interaction through a slow-printing typewriter, requires markedly higher in- 
formation rates. Not necessarily more information, but the same amount in 
faster bursts— more difficult to handle efficiently with the conventional common- 

Ca Tt i is perhaps S ‘not surprising that these are incompatibilities between the re- 
cruirements of computer systems and the services supplied by the common 
narrfers for most of the common-carrier services were developed in support of 
voice rather than digital communication. Nevertheless, the incompatibilities are 
frustrating It appears that the best and quickest way to overcome them— and 
to move forward the development of interactive communities of geographically 
separated people— isto set up an experimental network of multiaccess computers. 
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SHHJsMSEwsSSSwaa? 

COMPUTER AND INFORMATION NETWORKS 

fa^urers n h^e°si^SSfully insSl^ l and C m^iUnin©a^?nterc^i^^^^oom^^rs 

sms ss msk S^SS a ias: 

SHARING a A?ttoueh more i ntera c t ive nuTl t i a c ces s computer systems are 

a S»» 

ta SKSSS2S in -era^t ahtadof 

the rest of the c °“PUter ent^s'a^ eng"nwrl whoundejtand the concept of 
mamMm^te^inteKmtio^and'tlm^echnoSgy 6 ^ — e^ti^ systems. 
Second, others of ^eir members axe ^entire People^n ^ r c ®eff n ££ ctlve 
ciplines who recognize the uBeftitaew and Kjo sense ™ mm i nities havc large 

multiaccess cZ^cxf aTSave icarned to use them. And, fourth, their efforts 

U ^Tn the haffrdozen communities, the computer systems research and development 
and the development of substantive applications mutually support each othe . 

S' IS na much ™R lejmln, bow «. ■**>»« 

aft^ aa^n?icaiai •«>>« ™ >*.««. 

be^g bum Cst remain flexible and open^nded throughout the process of de- 

^Su^^^fciS'tedevdo^ in small ways on small machines. They vo- 
q ute1aS ”ceL computers, which are nec^sar ly ^mplex. Indeed, the 
• 1v , : n *-h(‘ development of such systems is complexity. 

The^ new computer Systems we ore describing differ from other computer 
advertised wTth the same labels: interactive, timesharing, multiaccess. 
T^“fffier m^^ng fgreater degree of open-endedness, by rendering more serv- 
Sfand Jtave .ail by providing facilities that foster a working sense of com- 
ices, and aoove .iui oy p & nommerciallv available time-sharing services 

do^nof vToffier the power a^d fleXmty of^oftwarc resources-the ‘‘general 
nurooseness^’-— of the interactive multiaccess systems of the System Development 
Porooration in Santa Monica, the University of California at Berkeley, Massachu- 
^ttTinsmme ..1? MStaogy to Cambridge and Uexingto-., Mass.-wlueh have 
been collectively serving about a thousand people for seveiat years. 

The thOTMd Se Include many of the leaders of the ongoing revolution 
in the cWmter world. For over a year they have been preparing for the transi- 
tion +o a radically new organization of hardware and software, designed to sup- 
port many more simultaneous users than the current systems, and to offer them 
tnrouKl™new°l angua ges, new file-handling systems, and new graphic displays— 
the fast. Tiooth interaction required for truly effective man-computer partner- 

Bh Exoerience has shown the importance of making the response time short and 
the conversation free and easy. We think those attributes will be almost as im- 
portant fora network of computers as for a single computer. 

T °Todav the on-line communities are separated from one another functionally 
as t^ll asMOgrapWcally. Each member can look only to the processing, storage 
and software^ capability of the facility upon which his community is centered. 
But now the move is on to interconnect the separate communities and thereby 
transform them into, let us call it, a supercommunity. The hope is that intercon- 
nection will make available to all the members of a 11 the communities the pro- 
Sains and data resources of the entire supercommunity. First, let us indicate how 
th^ immunities can be interconnected; then we Shall. describe one hypothetical 
person’s interaction with this network, of interconnected computers. 
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MESSAGE PROCESSING 



The hardware of a multiaccess computer -system includes one or more central 
processors, several kinds of memory — core, disks, drums, and tapes — and many 
consoles fur the simultaneous on-line users. Different users can work simul- 
taneously on diverse tasks. The software of such a system includes supervisory 
programs (which control the whole operation), system programs for interpre- 
tation of the user’s commands, the handling of his files, and graphical or alpha- 
numeric display of information, to him (which permit people not skilled in the 
machine’s language to use the system effectively), and programs and data created 
by the users themselves. The collection of people, hardware, and software — the 
multiaccess computer together with its local community of users — will become 
a node in a geographically distributed computer network. Let us assume for a 
moment that such a network has been formed. 

For each node there is a small, general-purpose computer which we shall call 
a “message processor.” The message processors of all the nodes are interconnected 
to form a fast store-and-forward network. The large multiaccess computer at each 
node is connected directly to the message processor there. Through the network 
of message processors, therefore, all the large computers can communicate with 
one another. And through them, all the members of the supercommunity can 
communicate — with, other people, with programs, with data, or with selected 
combinations of those resources. The message processors, being all alike, intro- 
duce an element of uniformity into an otherwise grossly nonuniform situation, 
for they facilitate both hardware and software compatibility among diverse and 
poorly compatible computers. The links among the message processors are trans- 
mission and high-speed digital switching facilities provided by common carrier. 
This allows the linking of the message processors to be reconfigured in response 
to demand. 

A message can be thought of as a short (sequence of “bits” flowing through the 
network from one multiaccess computer to another. It consists of two types of 
information : control and data. Control information guides the transmission of 
data from source to destination. In present transmission (systems, errors are too 
frequent for many computer applications. However, through the use of error detec- 
tion and correction or retransmission procedures in the message processors, mes- 
sages can be delivered to their destinations intact even though many of their 
4 hits” w T ere mutilated at one point or another along the way. In short, the 
message processors function in the system as traffic directors, controllers, and 
correctors. 

Today, programs created at one installation on a given manufacturer’s com* 
puter are generally not of much value to users of a different manufacturer’s 
computer at another installation. After learning (with difficulty) of a distant 
program’s existence, one has to get it, understand it, and recode it for his own 
computer. The cost is comparable to the cost of preparing a new program from 
scratch, which is, in fact, what most programmers usually do. On a national 
scale, the annual cost is enormous. Within a network of interactive, multiaccess 
computer systems, on the other hand, a person at one node will have access to 
programs running at other nodes, even though (those programs were written in 
different languages for different computers. 

The feasibility of using programs at remote locations has been shown by the 
successful linking of the AN r /FSQ-32 computer at Systems Development Cor- 
poration in Santa Monica, Calif., with the TX— 2 computer across the continent 
at the Lincoln Laboratory In Lexington, Mass. A person at a TX-2 graphic console 
can make use of a unique list-processing program at SDG, which would be pro- 
hibitively expensive to translate for use on the TX-2. A network of 14 such diverse 
computers, all of which will be capable of sharing one another’s resources, is 
now being planned by the Defense Department’s Advanced Research Projects 
Agency, and its contractors. 

The system’s way of managing data is crucial to the user who works in inter- 
action with many other people. It should put generally useful data, if not subject 
to control of access, into public files. Bach user, however, should have complete 
control over his personal files. He should define and distribute the “keys” to each 
such file, exercising his option to exclude all others from any kind of access to 
it ; or to permit anyone to “read” but not modify or execute it ; or to permit 
selected individuals -or groups to execute but not read it; and so on — with as 
much detailed specification or as much aggregation as he likes. The system should 
provide for group and organizational files within its overall information base. 
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At least one of the new multiaccess systems will exhibit such features. In 
several of the research centers we have mentioned, security and privacy of infor- 
mation are subjects of active concern ; they are beginning' to get the attention 
they deserve. 

In a multiaccess system, the number of consoles permitted to use the computer 
Simultaneously depends upon the load placed on the computer by the users’ jobs, 
and may be varied automatically as the load changes, barge general-purpose 
multiaccess systems operating today can typically support 20 to 30 simultaneous 
users. Some of these users may work with low-level “assembly” languages while 
others use higher-level “compiler” or “interpreter” languages. Concurrently, 
others may use data management and giaphical systems. And so on. 

But back to our hypothetical user. He seats himself at his console, which may 
be a terminal keyboard plus a relatively slow printer, a sophisticated graphical 
console, or any one of several intermediate devices. He dials his local computer 
and “logs in” by presenting his name, problem number, and password to the moni- 
tor program. He calls for either a public program, one of his own programs, or a 
colleague’s program that he has permission to use. The monitor links him to it, 
and he then communicates with that program. 

When the user (or the program) needs service from a program at another node 
in the network, he (or it) requests the service by specifying the location of the 
appropriate computer and the identity of the program required- If necessary, he 
uSes computerized directories to determine those data. The request is translated 
by one or more of the message processors into the precise language required by 
the remote computers monitor. Now the user (or his local program) and the 
remote program can interchange information. When the information transfer is 
complete, the user (or his local program) dismisses the remote computer, again 
with the aid of the message processors. In a commercial system, the remote proc- 
essor would at this point record cost information for use in billing. 

WHO CAN" AFFOBD IT? 

The mention of billing brings up an important matter. Computers and long- 
distance calls have “expensive” images. One of the standard reactions to the 
idea of “on-line communities” is: “It sounds great, but who can afford it?” 

In considering that question, let us do a little arithmetic. The main elements 
of the cost of computer-facilitated communication, over and above the salaries of 
the communicators, are the costs of the consoles, processing, storage, transmis- 
sion, and supporting software. In each category, there is a wide range of possible 
costs, depending in part upon the sophistication, of the equipment, programs, or 
Services employed and in part upon whether they are custom-made or mass- 
produced. 

Making rough estimates of the hourly component costs per user, we arrived at 
the following: $1 for a console, $5 for one man’s share of the services of a 
processor, 70^ for storage, $3 for transmission via line leased from a common 
carrier, and $1 for software Support — a total cost of just. less than $11 per com- 
municator hour. .. 

The only obviously untenable assumption underlying that result, we believe, is 
the assumption that one’s console and the personal files would be used 160 hours 
per month. All the other items are assumed to be shared with others, and exper- 
ience indicates that time-sharing leads on the average to somewhat greater utili- 
zation than the 160 hours per month that we assumed. Note, however, that the 
console and the personal files are items used also in individual problem solving 
and decision making. Surely those activities, taken together with communication, 
would occupy at least 25% of the working hours of the online executive, scientist 
or engineer. If we cut the duty factor of the console and files to one quarter of 
160 hours per month, the estimated total cost comes to $16 per hour. 

Let us assume that our $16/hr interactive computer link is set up between 
Boston, Mass., and Washington, O.C. Is $16/hr affordable? Compare it first with 
the cost of ordinary telephone communication : Even if you take advantage of 
the lower charge per minute for long calls, it Is less than the daytime, direct- 
dial station-to-staition toll. Compare it with the cost of travel : If one flies from 
Boston to Washington in the morning and back in the evening, he can have 
eight working hours in .the capital city in return for about $64 in air and taxi 
fares plus the spending of four of his early morning and evening hours en route. 
If those four hours are worth $16 each, then the bill for the eight hours in 
Washington is $128 — again $16 per hour. Or look at it still another way : If com- 
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puter^aided communication doubled the effectiveness of a man paid $16 per hour 
then, according to our estimate, it would be worth what it cost if it could be 
bought right now. Thus we have some basis for arguing that computer-aided 
communication is economically feasible. But we must admit that the figure of 
$16 per hour sounds high, and we do not want to let our discussion depend 
upon it. 

Fortunately, we do not have to, for the system we envision cannot be bought 
at this moment. The time scale provides a basis for genuine optimism about 
the cost picture. It will take two years, at least, to bring the first interactive 
computer networks up to a significant level of experimental activity. Operational 
systems might reach critical size in as little as six years if everyone got onto 
the bandwagon, but there is little point in making cost estimates for a nearer 
date. So let us take six years as the target. 

In the computer field, the cost of a unit of processing and the cost of a unit 
of storage have been dropping for two decades at the rate of 50% or more every 
two years. In six year^, there is time for at least three such drops, which cut a 
dollar down to 12% cents. Three halvings would take the cost of processing, 
now $5 per hour on our assumptions, down to less than 65tf per hour. 

Such advance in capability, accompanied by reduction in cost, lead us to 
expect that computer facilitation will be affordable before many people are 
ready to take advantage of it. The only areas that cause us concern are con- 
soles and transmission. 

In the console field, there is plenty of competition ; many firms have entered 
the console sweepstakes, and more are entering every month. Back of competi- 
tion is not the problem. The problem is the problem of the chicken and the egg — 
in the factory and in the market. If a few companies would take the plunge into 
mass manufacture, then the cost of a satisfactory console would drop enough to 
open up a mass market. If large on-line communities were already in being, their 
mass market would attract mass manufacture. But at present there is neither 
mass manufacture nor a mass market, and consequently there is no low-cost con- 
sole suitable for interactive on-line communication. 

In the field of transmission, the difficulty may be lack of competition. At any 
rate, the cost of transmission is not falling nearly as fast as the cost of process- 
ing and storage. Nor is it falling nearly as fast as we think it should fall. Even 
the advent of satellites has affected the cost picture by less than a factor of 
two. That fact does not cause immediate distress because (unless the distance 
is very great) transmission cost is not now the dominant coat. But, at the rate 
things are going, in six years it will be the dominant cost. That prospect concerns 
us greatly and Is the strongest damper , to our hopes for near-term realization 
of ; operationally . significant interactive networks and significant on-line 
communities*. 



But let us be optimistic. What will on-line interactive communities be like? 
In most fields they will consist of geographically separated members, sometimes 
grouped in small clusters and sometimes working individually. They will be 
communities not of common location, l»ut of common, interest . In each field, 
the overall community of interest will be large enough to support a compre- 
hensive system of field-oriented programs and data. 

In each geographical sector, the total number of users— summed over all the 
fields of interest — will be large enough to support extensive general-purpose in- 
formation processing and storage facilities. All of these will be interconnected by 
telecommunications channels. The whole will constitute a labile network of net- 
works— ever-charging lii both content arid configuration. 

What will go on inside? Eventually, every infoririational transaction of suffi- 
cient consequence to warrant the cost. Each secretary*^ typewriter, each data- 
gatherlng Instrument, conceivably each dictation microphone, will feed into* the 
network. * 

You will hot send a letter or a telegram ; you will simply Identify the people 
whose files should be linked to yours and the parts to which they should be 
linked— and perhaps specify a coefficient of urgency. You will seldom makes a 
telephone call ; you will ask the network to link your consoles together. 

You will seldom make a purely business trip, because linking, consoles will be 
so much more efficient. When you do visit another person with the object of in- 
teUectual conunuriicatioii, 1 you arid he will sit at a two-place console and interact 
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as much through it as face to face. If our extrapolation from I>oug Engelbart’s 
meeting proves correct, you will spend much more time in computer-facilitated 
teleconferences and much less en route to meetings. 

A very important part of each man’s interaction with his on-line community 
will be mediated by his Oliver. The acronym Oliver honors Oliver Selfridge, origin 
nator of the concept. An Oliver is, or will be when there is one, an “on-line inter- 
active vicarious expediter and responder,” a complex of computer programs and 
data that resides within the network and acts on behalf of its principal, taking 
care of many minor matters that do not require his personal attention and buf- 
fering him from the demanding world. “You are describing a secretary,” you will 
say. But no ! Secretaries will have Olivers. 

At your command, your Oliver will take notes (or refrain from taking notes) 
on what you do, what you read, what you buy and where you buy it- It will know 
who your friends are, your mere acquaintances. It will know your value struc- 
ture, who is prestigious in your eyes, for whom you will do what with what prior- 
ity, and who can have access to which of your personal files. It will know your 
organization’s rules pertaining to proprietary information and the government’s 
rules relating to security classification. 

Some parts of your Oliver program will be common with parts of other peo- 
ple’s Olivers ; other parts will be custom-made for you, or by you, or will have 
developed idiosyncracies through “learning” based on its experience in your, 
service. 

Available within the network will be functions and services to which you sub- - 
scribe on a regular basis and others that you call for when you need them. In'/ 
the former group will be investment guidance, tax counseling, selective dissemb? 
nation of information in your field of specialization, announcement of cultural, 
sport, and entertainment events that fit your interests, etc. In the latter group 
will be dictionaries, encyclopedias, indexes, catalogues, editing programs, teach- 
ing programs, testing programs, programming systems, data bases, and— most 
important— communication, display, and modeling programs. 

All these will be— at some late date in the history of networking — systematized 
and coherent, you will be able to get along in one basic language up to the 
point at which you choose a specialized language for its power or terseness. 

When people do their informational work “at the console” and “through the 
network,” telecommunication will be as natural an extension of individual work 
as face-to-face communication is 1 now. The impact of that fact, and of the marked 
facilitation of the communicative proces? will be very great— both, on the in- 
dividual and on society. -• •( 1 . ; ' . . 

First, life will be happier for the on-line individual because the people with 
whom one interacts most strongly will be selected more .by commonality of inter- 
ests and goals than by accidents of proximity. Second, ^ commurdcat ion will be mocre 
effective and productive, and tlieo^f ore more enjoyable! Third, much communica- 
tion and interaction will be with piN^rnms and programmed models, which will 
be (a) highly responsive, (b) supplemenia ry to one’s own capabilities, rather 
than competitive, and (e) capable of representing progressively more complex 
ideas without necessarily displaying all &A\e levels , of their structure at the 
same ; time— and which will therefore be both challenging and rewarding. And, 
fourth, there wil be plenty of opportunity for everyone (who can afford a con- 
sole) to find hiA calling/ the whole world .Of information, with all its fields 
and disciplines, will be open to hUhr— wti^ to guide him or to 

help Mato '! V! "•>.!!!/" 

For the society, the impact will be gobd or bad, depending mainly on the ques- 
tion : Will “to be on line” be a privilege -or a right ? If only a favored segment of 
the population, gets a chance to enjoy the advantage of “intelligence amplification,” 
the network may exaggerate the discontinuity in the spectrum of intellectual 
opportunity. '' 

On fthe other hand, if the network idea should prove to do for education what a 
few have envisioned in hope, if not in concrete detailed .plan, and if all minds 
should prove to be -responsive, surely the boon to humankind would be beyond 
measure. 

TJn employment would disappear from the face o-f the earth forever, for 
consider 'the 5 magnitude of the task of adopting the network’s software to all the 
new generations of computers, coming closer and closer upon the heels of their 
predecessors until -the entire population of the world is caught up in an 
infinite crescendo of on-line interactive debugging. 
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Man-Machine Information Systems 

(By J. C. R. Licklider, Advanced Research Projects Agency, Office of the 

Secretary of Defense) 

TWO KINDS OF INFORMATION -PRO CESSING POWER 

The “information explosion” poses the general problem. The modern digital 
computer and the rapidly developing technology of information processing offer 
powerful tools for solving the problem. However, the tools have only one kind 
of “power” in marked degree, and a blend of two kinds is required. 

The two kinds of information-processing are algorithmic poicer , which is the 
capability of folowing rules, executing pre-programmed procedures, and per- 
forming routine, clerical operations, and heuristic poioer, which is the capability 
of <ffiartcsxg courses toward the solution of problems, formulating useful rules, 
setting the guidelines and arranging the procedures for algorithmic power to 
follows.* Present day information-processing machines have great algorithmic 
power, but only the heuristic power built into their programs by human program- 
mers. Present day machines have almost no capability of devising new heuristics. 
Life is as yet the only significant repository of heuristic power, end men — who 
are, in comparison with computers, miserably slow and fallible at algorithmic 
operations — constitute at present the only significant source of heuristics in 
inf orm&tion -proces sing systems. Now, therefore, and probably throughout this 
decade, any median! zed information system that is truly a system and not just 
a component must of necessity be a man-machine system. 

SEPARATION OF HEURISTIC AND ALGORITHMIC FUNCTIONS 

In designing and programming the several large-scale semi-automatic sys- 
tems that are in operation today or that are nearing completion — the SAGE 
system for air defense, the SACCS for control of strategic aircraft, the SABRE 
system for airline reservations, the Defense Documentation Center, and the 
MEDLARS (Medical Literature Analysis & Retrieval System) systems for defense 
and medical information storage and retrieval, etc. — a tremendous amount of 
heuristic power was expended. The types of problems to be solved and the types 
of questions to be answered by the systems were carefully analyzed, effective 
procedures were invented or discovered, and efficient arrangements were made for 
executing the procedures during the operation of the systems. In the procedures, 
there are many choice points, and . many of the decisions are made by men during 
the time it he procedures are being executed on the basis of current info rmation. 
A considerable amount of flexibility is gained by leaving decisions to human 
operators, and it is noteworthy that the newer systems achieve more flexibility 
in that way, by and large, than do the old ones. Ah out stain ding fact about these 
systems, nevertheless, is that most of the heuristic power was expended in design 
and programming, whereas most of the algorithmic power is expended (or will 
be expended) in operation! ' / . ; "... 

Separation of the heuristic from the algorithmic parts has been, in fact, a 
striking characteristic of almost, all. the large information-processing systems 
developed since the advent *of the digital computer. The separation has not been 
complete, as just acknowledged, but it has been dominant. Stemming from the 
separation, I believe, Is the fact that prepa ration of the programs for the large 
computer-based systems proved to be extremely expensive and time-consuming. 
In some instances, the software cost more and tpok longer to develop than the 
hardware. That is understandable if one acknowledges that the heuristic pant of 
the programming task is large and difficult and if he notes that the algorithmic 
part — also large and difficult— was left to the programmers, themselves, who had 
to work without close or constant machine support. As mentioned earlier, the al- 
gorithmic power of men is low and the efficiency of a group of programmers in 
handling the voluminous, complex clerical work involved in development of a 
large computer program is very low indeed. 



•This use of the terms algorithmic and heuristic Is Itself heuristic : the terms are associ- 
ated with separate concepts that need to be contrasted and are employed to give force to 
the distinction: So, to oppose the terms runs counter to a current trend toward the use of 
heuristic to embrace all methods. Including the employment of appropriate algorithms, that 
facilitate discovery or solution. 
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MAN-COMPUTER SYMBIOBIB 




outers, intimate man-machine interaction. , . 

The main steps toward, “man-computer symbiosis” (as the desired partnership 
may be termed in analogy with the intimate, cooperative association that exists 
in nature between such dissimilar species as the fungas and the alga of lichens) 

1. To overcome the economic obstacle that arises from the fact that a digital 
computer is and expensive; whereas, in information processing, a man is 

*ylow and (relatively) inexpensive. The currently most promising approach is to 
share the processing time and memory space of the computer among several or 
many men, working at typewriters or consoles that may be remote from the 

C °2^'X'o improve the man-computer interface by devising better input-output 
arrangements — better displays from computer to man and better controls from 

man to computer. 4 

3. To develop more powerful languages for programming and controlling 
computers and computer-based information systems. Under this heading fall (n.) 
problem-oriented languages embodying the main concepts and operations of a 
substantive field or problem area, (b) procedure- oriented languages, more ab- 
stract or general languages designed to facilitate development of widely useful 
procedures or to handle diverse problems, and (e) system-oriented languages, to 
be used in requesting services of the computer, controlling its modes, and estab- 
lishing communication through the computer with other people in the system. 

4. To improve the organization and to increase the size and availability of 
computer memory. The requirements of highly interactive multiman-computer 
systems for information storage and access will be tremendous. It will not be 
tolerable to let n-1 registers of an n-register memory stand Idle while one register 
is being used. Nor will it be tolerable to make m-1 use^s wait 10 5 memory cycles 
(say, 0.1 second) for 10 5 words to be transferred from secondary to primary 
memory so that one user can work with them fox- a few milliseconds. And so on : 
there is much to be done in the memory field. 

5. To explore and solve the problems, some of which, are not yet clearly foreseen 
or formulated, that will arise when several or many man-computer systems are 
linked together , into a network. Computer-based systems will be^ linked into net- 
works in military command and control, not only because military operations 
must be both distributed and interrelated, because properly designed (redun- 
dant). networks promise a degree of “system survival” despite the loss of modes 
or branches. Networks can be expected to arise, also, in connection with the 
storage, organization, retrieval and use of technical information, for the corpus 
of such inf ormation . is much too great to be handled by any one computer that 
may be built in the next 20 years. As an example of computer network problems 
that may arise, consider how to connect three multi-user systems (A, B and C) 
together in such a way that, simultaneously, user. A* can ask a question of user 
Ba, computer B (nearly overloaded) cap request computer A to process B»’s data 
with programs stored in C’s disk file, and C* can search those files of A and B 
for which he has owner’s permission, security clearance, and “need to know.” 
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TIME AND SPACE SHARING 

Interest in moment-by-moment sharing among several users of computer time 
and memory space began to develop in 1959 and 1960 in connection with the 
speed-cost mismatch between men and computers. More recently, the interest has 
grown, and much of it has focused upon what may be termed “community use ,r 
of computers. Since there is not time or space, now, to go deeply into either aspect, 
it will have to suffice to express the general aim and to describe some of the 
functions that it is hoped to implement. 

The general aim or aspiration is to bring great algorithmic information -process- 
ing power into the office and onto the desk (or into the laboratory, library, 
classroom, or post) of every creative person in the upper echelons of science, 
technology, education, administration, management, and command — to put 
enough purely clerical capacity at his constant disposal to eliminate the obstacles 
and delays now associated with the accomplishment of routine, specifiable tasks. 
At least 85 per cent of the allegedly productive time of a researcher goes into 
purely routine manipulation of information necessary to provide the basis for 
decisions and insights, but not itself involving them, according to one estimate. 
The aim, in terms of that estimate, is to let the creative intellect be creative 
about 85 percent of the time instead of 15 percent of the time. 

MAN-COMPUTER INTERACTION FUNCTIONS 

Among the r ; . dnizable functions and operations to be put under human 
control are : 

1. Information storage, organization, and retrieval. An approach to imple- 
mentation of these functions will be described. 

2. Dynamic modeling and simulation. Suppose, for example, that you are de- 

signing an electronic circuit, that you have a configuration in mind and want 
to see what the response will be to a complicated but specifiable input. Don't 
construct an actual circuit in “breadboard” form. Sketch the configuration with 
a “light pen” on the cathode-ray screen of your console, specify the circuit 
constraints in clear handprinted letters or, by via your console typewriter, 
sketch the input wave or specify it symbolically, and have the computer display 
the output. (This kind of modeling is being developed by the Computer-aided 
Design Group at M. I. T.) ' 

3 3. Mathematical calculations and logical deduction. Suppose that you want 
to integrate 3y 2 (t) exp y(t) with respect to t. Just call *Dr. James Sagle’s 
program named “Saint,” type the expression, and look at what the computer 
types back to you. Then, if you want a definite integral, specify the limits and 
inquest a numerical answer. * ! t: " *:>•.*.: .. .. 

4. Drafting assistance. Suppose that you are a civil engineer and want a line- 

dra\ving lantern slide of a bridge girder in a hurry to illustrate a talk. Call 
Sutherland’s ‘ ‘Sketchpad ; program, sketch the girder, tell the program the 
lines should be straight, indicate which lines are supposed to be vertical and 
which horizontal, point to the riveted intersections, watch the computer straight- 
en up the drawing, and then pull down the camera boom, snap the picturt. 
wait 10 seconds^ etc. If you want to stress the girder, sketch the supports and 
a load, specify the weight of the load, and ask the program to display the ten- 
sions and compressions. They will appear in numerical form, superposed upon 
the sketch. ; .“• s; • ; " ' 

5. Teaching-Learning. Suppose that you want to- learn some Spanish prepa- 
ration for a trip. Call the vocabulary teaching program, specify Spamsh-to-Eng- 
Hsh, and settle down to a drill session on your typewriter. The computer will 
select material appropriate to your level of mastery, concentrate on words that 
cause you trouble, and tell you (immediately after each response) whether you 
were right or wrong. 

6. Communication with colleagues. Telephone Bill Jones through the com- 
puter system. If he is available, have Lke system display on both your screens 
the diagram about which you need nuvice. Point with your light pen to the part 
on .which your interest is focused ; it will be pointed to by an arrow on his screen. 
And so on, coordinating visual with auditory communication arid making use 
of other functions, such as those described, as you need them. 

♦Presently at Lawrence Radiation Laboratory- 
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7. Computer Prt>gramming. Suppose you are a programmer working on a large 
program system with, several colleagues. Prepare your part of the program “at the 
console.” Use, of course, a powerful programming language. When you have 
written some statements, compile and execute them, aprVung them to test data 
you have previously supplied or retrieved. 

Examine the output on the console screen, from files. If the statements “run” 
successfully, continue. If not, go into “debugging mode,” watch the content of 
specified lists or tables change as the program is re-run slowly, step-by-step. See 
where the trouble is. Change the incorrect part. Recompile and retest. The com- 
piler will redo only that part of the program affected by your emendation 
(Perils). If you violate a system convention or fail to supply explanatory com- 
ments, the programming system will tell you so and refuse to cooperate until you 
mend your ways. If you use a symbol a colleague has already used, it will warn 
you or attach a suffix. If you wonder whether there Is not already a sub-routine 
that fulfills a function you need fulfilled, you may search -for it with the aid of 
the retrieval sub-system. And, if you do not know how the retrieval system 
works, call the teaching-machine program and it will give you a lesson on the 
retrieval sub-system. (If you do not know how to use the teaching-machine pro- 
gram, telephone the System Advisory Service.) 

Some of the foregoing examples refer to programs already prepared and run- 
ning on one computer or another. Others refer to programs that are within the 
state of the art but not yet written. The aspiration is to collect f^id/or prepare 
the many programs required to implement the functions described (and others 
not mentioned here) and to integrate them into a coherent system. That is a 
very large undertaking. It will take several years to accomplish. The resulting 
system will not be economic for many operational applications until certain 
advances have been made in computer design and organization, but it seems likely 
that they can be achieved in about the same time as the software. 

LANGUAGE 

Some of the needs for an advanced system-oriented language are evident from 
consideration of the examples in the foregoing section. It is evident that the 
language must have terse and fully explicit modes, or controllable degrees of 
terseness, to meet the needs of users with diverse amounts of experience. No 
operator-to-computer messages should ordinarily be more highly abbreviated 
than computer-to-operator messages. But this is just the beginning of the man- 
computer language problem. 

Interactive Information Processing 
(By J. C. R. Uieklider) 

INTRODUCTION 

At a conference of this kind, the keynote speech usually focuses upon the prin- 
cipal topics to be discussed in the conference. This keynote speech is unusual 
because it does not do so— or at least does hot do so directly. Most of the papers 
in the conference deal with adaptive or self-organizing or learning 1 information 
sytems. This keynote talk, however, is about “Interactive Information Process- 
ing.” My first obligation, therefore, is to explain why I think it is appropriate to 
discuss interactive information processing as a leading into, or as a keynote of, 
this conference. To put it into a nutshell : I think that interactive information 
processing is the key to the understanding and synthesis of systems that adapt, 
organize themceives, learn, and do the other sophisticated things that we shall 
be discussing in this conference. 

Our field— the field of computer and information sciences and technology — *ie 
an extremely reflexive, regenerative field. It is concerned in large part with devel- 
opment and understanding of tool's and techniques for dealing with information. 
Thus it is in a sense the stv: ace and technology of processes fundamentally 
involved in the advancement oi science and technology. Every accomplishment 
makes it easier to make further accomplishments — in other branches of science 
and technology as well, but particularly in the science and technology of com- 
puters and information. 

Now, the problems with which this conference will he directly concerned are, 
in the main, extremely dlfficult pnroblems. We have been attacking them mainly 
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with conventional methods, tools, and techniques. Indeed, until very recently, we 
have been attacking iliem exclusively in conventional ways. We have made 
progress, as the papers of this conference will attest. However, the progress has 
been, by and large, the slow and hard- won progress that one is happy enough 
to make when he is working on a diffieulc problem. 

In the process, we have found out some thing about what it is that makes 
certain problems difficult and we have formulated ideas about the nature of 
problem-solving techniques and facilities 'that would make them less difficult. 
One of the things that make<s a problem difficult, of course, is to have a large 
space of possible solutions. Another thing that makes a problem difficult is not 
to have a structure, known <t priori , that relates partial solutions to complete 
solutions, that organizes hypotheses, or that suggests or limits or constrains 
approaches. Some problems that have the two properties just mentioned have 
also a third property that makes them extremely difficult. They ore penetrated 
only a little way by any hypothesis, and — to make matters worse — a great deal 
of detailed and necessarily precise information processing is involved in testing 
any hypothesis. Such a problem one cannot “think bis way through,” because 
he* cannot in a reasonable time, without the aid of a computer, carry out the 
precise, detailed calculations. Nor can one, working on such a problem, simply 
prepare a massive program and turn it over to a computer, because the result 
of -the testing and information processing is usually only to indicate that the 
hypothesis has to be revised, and at best it is to produce a small increment in 
understanding and set the stage for a new formulation which will lead to further 
testing and further processing of information. 

In what I referred to as the “conventional approach” to solving problems — the 
approach based on conventional methods, tools, and techniques — the formulation 
of hypotheses and the having of hunches, together with the evaluation of the 
results found by 'testing and calculating, have been almost pure brainwork, 
adied little if at all by computers, and the execution of the algorithms involved 
in the precise, detailed information processing to which I referred has been 
assigned largely either to clerks or to computers. It has been in large part 
the slowness and inefficiency of the shifting from one kind of informational 
activity to the other that has held progress in the solution of problems in 
this cl«aSs tx> its relatively slow pace. 

During the last few years, -there has been, as you know, a growing sense 
of excitement iri several quarters of our field, an excitement kindled by the 
prospect of a significant advance in our way of dealing with such recalcitrant 
problems. It is exciting to “sense” -the promise of a new approach and even 
more exciting to become convinced th'at one is participating in an intellectual 
revolution. I have a feeling that the excitement dulls the critical faculty, 
and that is quite dangerous to “recognize” great advances while they are in 
incipient stages. I am aware that some such “great advances” turn out only 
to 'be fads. Nevertheless, I am willing to be honest and to admit that I believe 
that we are indeed participating in. an ^intellectual revolution, that the approach 
to the solution of difficult, complex, recalcitrant/ problems offered by on-line 
mian-computerdn-te motive information processing will during the next decade 
or so revolutionize an important part of o'nr collective intellectual -process. At 
any rate, that is what I want to talk about, and I think that it is clear enough 
that, if is promise is borne out, interactive information processing is appro- 
priate as ia keynote to -this conference. 

THREE STAGES IN THE DEVELOPMENT OP INTERACTIVE INFORMATION PBC '’ESSING 

The first stage in the development of Interactive information processing is the 
achievement of effective rnan -computer interaction. In that statement, both the 
“man” and the “computer” are singular. The purpose of the interaction is to 
couple closely together— to interleave or to blend or to meld— the man’s heuristic 
capabilities and the computer’s algorithmic capabilities. When those capabilities 
are brought into close interaction, the difficulty associated with the shifting back 
and forth between the two aspects of the intellectual process discussed earlier 
is in large part overcome. I shall not say that highly effective man -cost* purer 
interaction has yet been achieved, but I think there have been instances in 
which the Interaction has been sufficiently effective to prove itself — at least to 
those who have had the experience-^ -and I shall mention some of those instances 
later. It is evident, however, that to provide facilities for effective man-computer 




interaction over a wide range of problems and decisions will require significant 
advances in hardware (e.g., displays and controls) and a very large and coherent 
effort in software ( e. g. , problem-oriented languages a^d libraries of generalized 
subprograms } . 

The second stage in the development of interactive information processing 
might be termed the achievement of “men-computer inter action.” By that, I mean 
to imply more than multiple access to a computer, more than quaisi-simultaneous 
interaction between a number of individual men and a large-scale time-sharing 
computer. As I see it, the value that emerged from the pioneering experiments 
with time-shz.i’in^ computers — that emerged, for example, at the Massachusetts 
Institute of Technology and the Systems Development Corporation, without being 
fully expected — was the value of community cooperation in developing a suf- 
ficiently large and comprehensive software base to support man-computer inter- 
action in a variety of fields. It ap^mars that that value will emerge of its own 
accord when multiple-access Interactive computing is introduced into a creative 
intellectual community. It is evident, however, that the techniques for facilitating 
cooperation and fostering a coherent community software effort have to be ex- 
perimented with and deliberately developed if the evident potential value Is to 
be realized in full In a fairly short time. 

In the third stage of the development of interactive information processing, 
“computers” appears in the plural as well as “men.” This is the stage of networks 
of geographically distributed computers, the stage of what are coming to be 
called “information networks.” Although there are no general-purpose networks 
of geographically distributed computers to point to as examples, there is already 
a considerable amount of enthusiasm for information networks. I shall mention 
the EDTJCOM Summer Study on information networks here and say a few sen- 
tences about it later. The main points I want to introduce now are (1) that the 
technologies of computation and communication seem ripe for the kind of fusion 
that would make it possible for geographically separated computers to “talk” 
with one another and thereby permit geographically separated users to com- 
municate and cooperate with one another in interaction with both stores of 
information and processors of information and (2) that the effect of bringing 
geographically distributed users into network-mediated interaction seems likely 
to be greater than the effect that can be achieved through multiple-e cess inter- 
action in any local Community. The reasoning underlying the latter /art of that 
statement is that it is difficult to achieve a “critical mass” of intellec , in a single 
organization or even in a single city. It is practicable to develop excellent fa- 
cilities for fifty or a hundred of the best men working in a particular problem 
area, but not for five or ten. It is practicable to get five or ten of the best men 
to come together in a given geographical area, but not fifty or a hundred. A 
promising aspect of the information-network idea is that, through information 
networks, intellectual community may be achieved despite geographical 
distribution. 

The key note that I want to sound is that achievement of effective interactive 
information processing at the most advanced of the three stages just described 
will markedly improve our effectiveness in working on the difficult problems 
with which this conference is concerned, and that advances toward the solution 
of those problems will augment the effectiveness of the interactive information 
processing. Eventually, If we are successful in actually solving the problems, 
it may be that the amount of Interaction required in problem solving and decision 
making will decrease, but I am not very sanguine about seeing that conclusion 
proved at any early date. I think that, for a long time, advances in adaptive, self- 
organizing, and learning system's will have mainly the effect of making computers 
better partners for men- — and, of particular significance to this conference, better 
partners for men engaged in research in the computer and information sciences. 

FACILITIES FOR INTERACTIVE IN ATION PROCESSING 

The facilities required, for the first 'and second stages of man-computer inter- 
action are widely known through the experiences in on-line interactvie computing 
at Bolt Beranek and Newman, the Clamegie Institute of Technology (Carnegie 
University), Dartmouth College, General Electric Company, IBM Corporation 
(Mohansic Laboratory and Thomas J. Watson Research Center), the Lincoln 
Laboratory, Computation Center, Research Laboratory of Electronics, and Proj- 
ect MAC of Massachusetts Institute of Technology, the Systems Development 
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Corporation, Stanford Research Institute, Stanford University, the University 
of California (Berkeley, Bos Angeles, and Santa Barbara), and several other 
places. The storage requirements for interactive processing are not greatly dif- 
ferent from the storage requirements for batch processing, the main difference 
being the relatively greater emphasis upon rapid, quaisi-random access and on- 
line storage of large libraries of puolic programs and data. The processing re- 
quirements evidence a somewhat greater departure : memory protection and 
control of access to memory are absolutely essential, as are arrangements for 
switching from one user to another (interrupting, time slicing, poling, etc.), 
and arrangements for segmenting, paging, and dynamic relocation of programs 
and data are highly desirable if not absolutely essential. The console area — 
the area -of display and control — is the one in which interactive computing poses 
new and difficult requirements. Barge character sets, choice of hard and soft copy ; 
graphical display, pointing, sketching, and writing with a light pen or stylus, 
and speech input and output are all judged highly desirable by most of those 
who have developed sophistication^ in interactive information proceissing, and 
all but speech input are commercially available. The main difficulties stem from 
the fact that the area of displays and controls has received only for a short 
time the devoted attention and intense effort that most other areas of computer 
hardware have been givon for 15 years or more. In setting up a system with 
several hundred consoles, which is n—X or n — 2 more consoles than comparable 
systems had only two or three years ago, one can expect to face painful com- 
promises between capability and cost, and some interactive users may detect 
room for improvement in the domain of human engineering. Despite these limita- 
tions, it -can be said that the facilities now exist for fairly sophisticated man- 
computer interaction in stages one and two. 

As we turn toward stage three, the stage characterized by the netting of geo- 
graphically distributed computers, we find ourselves with a significant base of 
experience with special-purpose computer networks, but with essentially no 
experience with general-purpose computer networks of the kind that will come 
into being when multiple-access systems such as those at M.I.T. and the Systems 
Development Corporation are linked by digital transmission channels. The diffi- 
culties involved in establishing computer networks appear not to be difficulties 
of hardware design or even of hardware availability. Rather, they appear to be 
difficulties of social and software organization, of. conventions, formats, and 
standards, of programming, interaction, and communication languages. It is a 
situation in which there now exist Ml the hardware facilities that can be said 
to be required, yet in which there do not now exist any gereral-p irpose networks 
capable of supporting stage-three interaction. 

There is a serious question in my mind, whether the potential of interactive 
information processing can be sufficiently realized on a wide scale without the 
development of information networks. Booking backward in time, one can see that 
a significant level of man-computer interaction was achieved in stage one — with 
dedicated computers and without multiple access. One can also see, however, that 
that achievement was not made on a wide scale. It was the movement to stage 
two, through the development of multiple access (via time sharing) that — if I 
may again use the analog of critical mass — let the interaction go critical. How- 
ever, it has gone critical only in a few places, and in those places at the expense 
of prodigious effort in software development. 

If the next step is to be, as it is in the expectation of many, to broaden greatly 
the availability of on-line information and on-line information processing, then 
it has to be faced that the potential users are geographically distributed, that 
the potential sources of information are geographically distributed, and that the 
taient is geographically distributed too- — the talent required to convert the vision 
into reality. Thus, in my assessment of the situation, it seems likely that achieve- 
ment of stage three is a necessary condition for widespread exploitation of stage- 
two (multiple-access) man-computer interaction. 

SOFTWARE FOB INTERACTIVE INFORMATION PROCESSING 

In the foregoing, although my remarks about facilities dealt mainly with hard- 
ware, I meant to emphasize that the preparation of the software and, the prepara- 
tion of the people for interactive, information processing are the major tasks, and 
that they are large tasks indeed. The general nature of the software requirements 
is fairly clear from experience with multiple-access systems.. The plan of the 
software organization will be compUeated^somewhat by the addition of computer- 
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to-computer anti user-to-user commutation to the list of functions that have 
to be served, but that comes under the heading of “systems programming,” which 
need not involve a very iarge number of people and can therefore be (relatively) 
tightly and efficiently organized. At the opposite pole from systems programs, of 
course, are “problem programs” prepared by lii^ividual users to meet their own 
individual needs. In the past, those two classes have constituted a dichotomy, 
a two-category model that has fit reality fairly well. With the advent of on-line 
interactive communities, however, a third class of program has appeared. In 
this class are programs prepared by sophisticated users — not members of the 
systems programming group of the computer center ; but on a par with members 
of that group in programming competence — who are concerned not with indi- 
vidual problems but with problem areas or with programming techniques ap- 
plicable over a fairly wide problem area or even across several disciplinary fields. 
When such programs prove to be useful to several users, they tend to move from 
the files of individual users to a public file or program library. They may be 
taken into the set of programs — the set of superprograms, programs, and sub- 
programs — imbedded within the “system,” or they may remain separate from 
the system programs yet be publicly available and callable through the system. 
Indeed, in some systems the distinction between system program and non-system 
public program effectively disappears, and in effect, the system itself is aug- 
mented through use. It is this augmentation that is the focus of the following 
remarks on software for interactive information processing. 

The key to achievement of a dynamic, self-augmenting system for interactive 
information processing is of course to design the initial system to foster creative 
use and to facilitate -self-augmentation. Thus the initial system should provide a 
proper framework, one that will discourage piecemeal proliferation yet he flexible 
and open-ended enough to invite creative augmentation. That is a difficult com- 
promise. Surely the initial system should provide basic file-handling services and 
should define basic formats, structures, and conventions. At the same time, it 
should be capable of accepting new or alternative list, ring, plex, and -tree struc- 
tures and new or alternative coding, packing, and “hashing” techniques. That is 
to say, the initial system must dominate the functions of storage and retrieval 
strongly enough to inhibit individual users from incorporating idiosyncratic file- 
handling subprograms within their own. programs and to attract their creative 
efforts to augmentation of -the general-purpose file-handling system. That is im- 
portant because, for example, in a network of N computers with, on the average 
K users each, it will be difficult enough to arrange for communication among N 
different filing systems and quite prohibitively difficult to arrange for communica- 
tion among N times K different filing systems. 

This line of thought should be extended into -the, areas of display and control 
and interaction language, computer-programmed instruction in the use' of the 
system, editing, and perhaps other areas also. It is problematical, however, 
whether or not the initial system should be designed in such a way as to dom- 
inate the pattern of use of programming languages. In the interest of simplicity, 
one basic procedural language should perhaps be given a preferred position within 
the system. On the other hand, giving one language a preferred position would 
tend to inhibit competition among languages and such competition appears as 
desirable from some points of view as it appears undesirable from others. 

The basic software functions within the area under discussion may be placed 
under three headings : language-processing programs, logistic programs and 
substantive programs. Within the class of language-processing prograi? j ini- 
tial system should handle one or two • procedure-oriented languages an several 
problems-oriented languages- — enough of the latter to illustrate wbat can be done 
in representative problem and disciplinary areas. Augmentation by users should 
greatly increase the number of problem -oriented languages. I am not sure how 
many problem-oriented languages would be too many, but evidently there is a 
danger of a Tower : of Baber effect. I like the idea of having only a few language 
respect or language families, homogeneous in respect of syntax but adjusted in 
respect of vocabulary to the diverse substantive fields in which they are used. 
I like, also, the idea of a general-purpose language, in some ways approximating 
English, within which the various special-purpose, problem-oriented languages 
are imbedded— but the feasibility of such a thing: is doubtful and, in . any event, 
it would be very difficult to implement. . 

Within the class of logistic programs, the main functions are file handling 
( storage/ organization, retrieval, updating, etc. ) , display, control, communica- 
tion, editing, dissemination, ’accounting, and what Oliver Selfridge has described 
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as “the alter ego in the machine.” All hut the last are probably sufficiently self- 
explanatory for present purposes. Selfridge’s concept, which appeals to me 
greatly, is that each user will have a program that buffers him from the outside 
world and that represents him, insofar as a program can within the current state 
of the art, in his absence. I am not sure that it is correct to classify that program 
as logistic, but it is certainly not a system program and it seems more logistic 
than substantive. 

To the list of useful and desirable substantive programs, I can see no end. 
I think that augmentation through use will lead to a continually increasing 
number of publicly accessible and widely useful f unctions. I am convinced that 
a very large number of such functions can be realized with a eontrollably small 
number of basic building blocks, and I think a large part of the software prob- 
lem lies :?n the organization of the programs in such a way as to provide broad 
and diverse capabilities with not too large a set of subprograms. Among the 
fields in which especially interesting substantive programs can be expected to 
be introduced through the augmentation process are computer- assisted instruc- 
tion, natural language processing, mathematics and logic, and the modal field 
of this conference — adaptive, self-organizing, and learning systems. Extremely 
interesting programs can be expected, also, in the field of libraries and in the 
field of dynamic modeling. Those programs will have a partly logistic and partly 
substantive character. 

XULU STRATXVE EXAMPLES OP INTERACTIVE INFORMATION PROCESSING 

As I have admitted, tite vision I have been describing is complex, and a great 
effort will be required to turn it into reality. I am convinced, however, by the 
fact that so many parts of it already exist and operate, that it is a realizable 
vision and not merely a dream. The fact is, much significant, substantive work is 
being done in the interactive mode at the present time. One does not have to deal 
crtly with unsubstantial hopes or unguaranteed promises. There is not time to 
describe any large number of illustrative examples in detail. 

A Computer-Program System to Facilitate the Stu»jt of Technical 

Documents 

(By Daniel G. Bobrow, R. Y. Kain, Betram Raphael, and J. C. R. Licklider) 



Symbiont is a com puter-and -program system for use in research on computer- 
aided study. It stores, retrieves, and displays documents and parts of docu- 
ments. It “semi-automates” the taking of verbatim notes. It facilitates the manip- 
ulation and intercomparison of graphs. And it conducts searches for passages 
of text that contain specified words or phrases. Experience with Symbiont and 
plans for its improvement are described. 



The purpose of this paper is to describe a system, consisting of a digital 
computer 1 and a computer program, intended for exploration of mun-machins 
interaction and computer assistance to man in the study of technical documents. 

The system provides a physical study situation that includes a desk, an elec- 
tric typewriter’ a display screen, and a light-sensitive pointer or stylus (“light 
pen”)* The use*r of the system, whom we shall call “the student,” requests services 
and controls operations by typing command characters or symbols on the type- 
writer or by touching illuminated areas of the display screen with the light pen. 
The computer and program system, which we call “Symbiont” because we hope 
to develop it into a truly symbolic partner of the student, displays information 
to the student via the typewriter or the display screen. The display screen, 
which Is a KMneh-square area on the face of a cathode-ray tube, presents 
alphanumeric symbols and graphs. Whenever part of a displayed pattern, is 



1 Programmed D>afca Processor 1 (PDP-1), manufactured by the IMgital Equipment Corpo- 
tion. Maraarrt, Massachusetts. „ „ , 

3 IBM Executive Electric Typewriter (Model B). modified for use with digital computer 
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touched by the tip of the light pen, the computer can tell what part was touched 
and when. The combination of computer-controlled cathode-ray display and 
computer-signaling light pen is a convenient and flexible arrangement for man- 
computer communication. 

Symbiont is an early stage of what we hope will be a continuing evolution. 
However, a sufficient set of functions has been implemented to lead us to take 
stock and gain experience in their use before modifying existing functions or 
adding new ones. 

[Inasmuch as Symbiont is an exploratory tool, for use mainly by students who 
are at the same time experimenters, we have not considered it necessary to 
perfect or polish. For example, the display flickers. With the aid of character- 
generation and display-buffering equipment, we could achieve a steady display : 
the technology is far enough advanced to fulfill the display function welL At 
present, however, the equipment required for flicker-free display is expensive, 
and we prefer to put available fund9 into other things. Our reasoning is that, 
in due course, good, steady displays will become relatively inexpensive, and in 
the interim we can make allowances for a bit of flicker. The same argument 
applies to text storage capacity, text searching rate, and production of perma- 
nent copy. In short, our aim has been to realize several interesting functions 
now, even though in ways for which certain allowances have to be made, in 
order to gain early experience in using the functions and to provide a basis for 
practical system design when advances in technology make it possible to imple- 
ment the functions effectively and economically. 



A study session with Symbiont starts with the computer turned on, the basic 
program running, and the text and graphs of several technical documents already 
punched into machine-readable paper tape. The text is represented character- 
by -character in a standard alphanumeric code. The curves of the graphs are rep- 
resented numerically by coordinate values at selected points along the abscissae, 
and the calibrations, labels, and legend .are represented alphanumerically in a 
prescribed format. 

At the beginning of his study session the student loads, from an input tape 
into the computer memory, representation?; of the documents he plans to study. 
Then, typically, he calls for a document and reads ox scans it. He calls for .it by 
typing any part of its standard bibliographic citation that specifies it uniquely — 
the author's name, for example, or a major part of the title, or the name (and 
perhaps volume or year) of the journal in which the document was published. 
Symbiont finds the specified document and presents the first screen-page of it. 
(A screen-page is about 150 words in length. Lines and pages have to be shorter 
on presently available display screen than full lines and pages are in most docu- 
ment-pages.) The student turns pages in the forward direction by hitting the 
space bar of the typewriter. He may back up a page at a time by hitting the 
backspace key. 

While reading or scanning, the student comes upon a passage that he wants 
to record verbatim for future reference — a passage he would ordinarily copy onto 
a note card. With the aid of Symbiont, he records it on paper tape or in the 
note-file part of the computer memory. To punch it on paper tape, he touches 
the initial printed character ox characters of the passage with the light pen and 
then types “b” (for “begin” ). Underlining thereupon appears beneath the char- 
acter (s) touched. Then he touches the final pxdnted character (s) of the passage 
and types “e” (for “end”). Underlying thereupon appears beneath the ending 
of the passage, and immediately spreads back to the beginning. The passage is 
thus singled out for inspection by the student and fox action by the computer. 
■When the student tyi>".s “p” (for “punch”). Symbiont punches the passage into 
paper tape. If the student next underlines the bibliographic-citation string that 
appears at the head of the document. Symbiont appends the citation to the note, 
thus handling a chore that ordinarily plagues the conscientious notetoker when 
lie takes his notes and the unconscientious nofcetaker when he tries to use his 
notes. The student can string any number of passages together by underlining 
them and punching them one at a time, in groups, or all at once. 

If the student prefers to note the passage in the computer memory instead 
*of paper tape, he needs to specify a “tag” with which to retrieve it He specifies 
the tag (before underlining the passage) by typing “t” (for “tag”) and then 
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any symbol, or indeed any string of printing characters and spaces, terminated 
by a carriage return. He then underlines the passage and types “n” (for “note”). 
Alternatively, he can assign to the passage a “label,” which is functionally equiva- 
lent to a tag, but specified initially by underlining a string of characters on the 
screen with the light pen and then typing “1” (for “label”). The procedure for 
connecting the label to its passage is the same as the procedure for connecting a 
tag. Tags and labels go into a “glossary” of retrieval terms associated with the 
note file. To see what the glossary holds at any time, the student types “g” and 
looks at the screen. If the glossary is more than one page long, he turns its 
pages as though it were text. 

Often the student wants to retrieve notes, and sometimes he wants to emend 
or combine them. To retrieve a note, the student typets “r” for “retrieve” and then 
types the tag or label (or if more convenient, designates a corresponding string 
of characters by underlining them with the light pen). In emending and com- 
bining retrieved notes, the student is constrained by the present system to serial 
designation and concatenation of passages and subpassages. Under these con- 
straints, editing is like operating a switch engine. However, it will be easy 
to introduce the operations of deletion and Insertion. 

Verbatim notetaking and retrieval of notes are admittedly minor matters. 
More vital is retrieval of primary information. In the present context, since the 
student is assumed to be working with a small collection of documents known 
to be relevant to the topic under investigation, the retrieval problem is not 
primarily one of finding documents. It is primarily one of finding passages in 
documents that discuss particular ideas, passages that are relevant to particulai 
tecnical points. The approach of Symbiont to this problem is to automate the 
scanning of text for specified configurations of retrieval terms. 

Symbiont carries out searches with reference to one, two or three sets of re- 
trieval terms. Bach set may contain any number of terms of any length. For 
retrieval purposes, all the members of a set are assumed to be synonymous: 
Symbiont considers that it has found the set as soon as it finds any member of 
a set. Symbiont looks for members of the three sets within a “neighborhood" 
of text. A neighborhood is n lines in length, and the student can set n to any 
value he likes. Five lines make a good neighborhood. 

Before conducting a search, the student types “t” (for “terms”), then types 
the strings of characters that constitute the alternate terms of the first retrieval 
set, and then types “1” to designate this set as the first Then the student 
types “t,” the term of the second set, and “2,” and .finally “t,” the terms of 
the third set, and “3.” The three sets might be, for example: 

cigars tobacco 

pipe tobaccos 

pipes nicotine 

2 

lungs preliminary lungs . 

■ ;'V' v'’ 3 ... ... 

cancer carcinoma 

. The student then decides whether, he wants a passage (neighborhood) deal- 
ing with: one, of the three, two of the three, or ail three Ideas (sets), and he 
initiates the search for typing “fl,” “f 2,” or “f3” (for “find one,” etc.). Symbiont 
thereupon searches serially through the text until it either comes to the end 
or finds a neighborhood that meets the specifications. If it comes to the end, 
it displays “not : found.” If ; it finds a neighborhood that .meets the specifica- 
tions, it displays on the screen the text containing the neighborhood, show- 
ing a small amount of preceding text' and a large amount of succeeding text. 
The. student may turn pages, copy passages, etc., in the ways described earlier, 
or. he: may type, ’ “f 1 “f2, ” r , ; or “f 3” and have Symbiont look for another pas- 
sage that also meetsthesx>ecification.u,0 ; , : .v- - • • r-: ' 

Although the .idea-retrieve technique just described is primitive, it is sur- 
prisingly: effective if the student is clever in getting up the sets of terms. Typi- 
cally, the student starts with a loose retrieval prescription and tightens it as 
he akes his way through tils collection of documents: 




cigarette 

cigarettes 

cigar 
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Graphs are composed by the computer from tabulated data and presented 
on the screen as graphs. They are displayed, separately from text. They have 
keys that associate labels with curves; they have calibrated and labeled axes; 
and they have legends. Curves are approximated by straight-line segments, 
dashed and/or dotted in eight patterns. A family of curves can have any 
number of members, but in the present system, only one label. XJp to eight 
families of curves can be superposed upon one grid. Two grids can foe set 
side-by-side to facilitate comparison. If the graphs are fundamentally compar- 
able but different in scale factor, the student can, with the aid of the light 
pen, expand or compress the scales of one or the other until the two presenta- 
tions are directly comparable. He adjusts the length or position of a line seg- 
ment of the coordinate frame by touching one of its ends with the light pen 
(which “picks up” the end-point) and then moving the end-point to the desired 
location. If necessary, he repeats the procedure with the other end-point. The 
computer then re-scales and relocates the entire graph. If the graphs are dis- 
played side-by-side, one of them can be moved and superposed upon the other, 
or curves can be transferred from one to another. These operations facili- 
tate synthesis of a composite picture from results obtained by diverse in- 
vestigators. 

Symbiont makes it easy to modify not only the size of a. frame but also the grid 
structure, the structure of the subdivision of the area within the frame. When 
it changes a grid, it changes, also, the numbers associated with the grid Lines 
(i.e., the numbers associated with the scale-calibration points). 

At the bottom of the. screen, there is a display of numerals and control symbols. 
By pointing with the light pen to individual numerals in proper sequence, the 
student can build up any number he needs. Then, designating with the light pen 
the control symbol “SCALE” and a scale-calibration point he can substitute 
the assembled number for a number theretofore associated with the scale-calibra- 
tion point. As soon as new number© have been associated with two calibration 
points on a linear axis scale, the computer substitutes new values at all the 
other calibration points on the axis. 

If he wants to change the number of grid lines that subdivide (say) the 
“pressure” scale of a graph, the student points with the light pen to the control 
symbol “OBJO” and then to the label “PRESSURE” and then to the appropriate 
numeral corresponding to the desired number of grid lines. The computer immedi- 
ately redraws the grid, leaving the extreme grid lines unchanged/and substitutes 
the appropriate new numbers near the intersections of the new grid lines and 
the horizontal axis. With these, procedures, the student may experiment rapidly 
with various frames and grids, for be need specify only the essential parameters 
of each coordinate system. As soon as they are specified. Symbiont develops the 
detailed pattern. 



EVALUATIONS AND FLANS FOB IMPROVEMENT 



Our experience in using Symbiont bias been limited! :by shortage of input tapes 
and by smallness of the computer memory! A semi-automatic tape-preparation 
subsystem and an arrangement; for moving information automatically between 
primary (core) and secondary' (drum) memory are the items of highest priority 
in the plans for Symbiont II. Even on the basis of the limited experience, how- 
ever, it seems clear to us that the functions provided by Symbiont I (the system 
thus far implemented. ) are effective as aids in technical study. The function of 
searching for ideas, as primitive as -the implementation is in ‘Symbiont. I, is little 
short of powerful. The automation of verbatim notetaking, despite shortcomings 
in human engineering, seems capable of serving as the foundation for efficient 
personal documentation systems, ’. V . . .. .1 \ P*. :/ •’ ' 

In Symbiont I, however, too many of the graph ^handling functions deal with 
frames, grids, and labels, and not enough deal with curves. The limitation to 
linear transformations is highly constraining. We must admit, therefor, that 
the graph-handling functions of Symbiont I do little more than (a) afford con- 
venience in the few parts of the overfall process of graph manipulation that they 
subsume and (b) make it seem plausible that u fuller set of functions (involving 
perhaps .ten times a-s much, programming).; would be ; . truly.- useful. .• ; ; : , * 

The plans for Symbiont II call for the following modifications of, and additions 
to, Symbiont 1 ,‘ 4 1 

1. A subsystem to “semi-autoiaate” preparation of input tapes of textual and 
graphical information . \ Because , performance, of the system during study does 
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not depend upon how the tapes were prepared, we deferred work of a tepe- 
p reparation subsystem and relied upon manual production of 

production proved not to be satisfactory. For Symbiont II, we plan to take text 
mainly from monotype and linotype tapes and to use computer film-read ng 
techniaues in converting graphical data to tabular form. 

2. Extension of the storage areas, confined to core memory d T 

miner tape in Symbiont I, to the magnetic drum (22 times 4096 18-bit words) 
now associated with, the PDP-1, and perhaps also from the dram to magnetic 

‘"gf Substitution of light-pen for typewriter control of most operations that deal 
with information displayed on the screen. . 

4 A descriptor-and-thesaurus system for retrieving documents from st ■ 
Symbiont I retrieves documents with the same searching system it , uses m find; 
i n ,’ passages. (A bibliographic designation precedes each document in the store 
oftextA That will -be too slow when the store becomes large. . 

5, A scheme for turning several or many pages at a time or for going imm 

diately to a particular page specified by page number , 

6. More reliance upon predetermined sequences of m an ipul a ti on and i 

control characters. For example, to underline a segment of text, it suffice 

to point with the light pen to an “underline” light button, then to the beginning 
of the passage, and then to the end of the passage. It is an unnecessary nuisance 
to havfto 4*cify “end” after having specified “begin.” However, stoamtog 
the procedure in this way will make it necessary to provide a way < 

the student when he forgets where he is, in a sequence of ® 
way of letting him linger upon (or return to) a particular operation long 
enough to correct a mistake in specifying it. " _ T . D _ 

7 Handling of notes precisely as though they were documents. Notes 
permitted tir contain graphs. The note-retrieval glossary will be associated with 

the document-retrieval system. _ ... ■ 

a Acceptance of notes phrased by student. This now seems essential even 

though it is easy for him to record verbatim notes. 

& Fwwisl on for extraction from text of individual words, individual P h ™f* 3 
< delimited toy punctuation marks), Individual sentences, and individual para- 
graphs merely by pointing. It is an unnecessary nuisance to underline (i.e., to 
point to both ends of) a segment unless one wants to extract a sequence of 
characters that does not constitute a formal unit. ^ _ 

10. Labeling of individual curves, as well as of families. _ _ 

11. Labeling near the curve as an alternative to associating label and cur e 

^l^^eaTCh fof more than three sets of terms, and for other combinations (such 

as 1 and 2 or 1 and 3) than any m of n. T . . 

13 Storage and retrieval of the sets of terms used in searching text. It is not 
good to have to type a set of terms more than once, and it will be easy to store 
them for future reference. The student will be able to retrieve a set by 
any term in the set. Symbiont II will display all the sets that contain the typed 
term and let the student select the one he wants by pointing to it. . . 

14. In designating parts of graphs to the program for action, more pointing to 
the parts, themselves, and less pointing to their names. 

15. Transformation .between linear and logarithmic coordinates. 

16. Fitting of curves (specified by type, such as sine, exponential, and power 
series) to tabulated numerical data, and determination of goodness of nr. 

17. Weighted averaging of curves' ' . . - ^ ^ 

The present plan is to effect the foregoing improvements, to gain ^further ex- 
perience, and then, in proceeding to the third generation of study facilities, to 
meld them with arrangements, not described, to facilitate the organization and 
retrieval of notes and data and the preparation of technical papers. 

The On-Line Intellectual Community 

(By J. C. R. Licklider) 

Mr. Chairman, distinguished colleagues, fellow engineers, Mr. Cisler, thatwas 
a very sobering experience for me. You 1 ended on a high note, ‘but otherwise 
I’m not sure I’m still happy about all that. Thank you anyway for saying an 
active career” and not a “chequered career. 9 ’ ^ . ’ „ . 

I have a chance for some minutes now to redeem myself, and I shall try. Its 
a great pleasure and a great honor to have this opportunity. 
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As a title “The On-Line Intellectual Community” worries me a bit. ‘‘On-line’- 
is jargon — it means “operating in direct, concurrent lnterartion - 
rtlips that the thing thus interacted with is probably a digital computer In 
teileetuar “intend the sense of “endowed with intellect or understand- 

i nff >> “intellect” means simply “power or faculty of knowing. It is not mea t 

to S imply any invidious attitude toward any other kind of community than intel- 
lectual. “Community” is used to mean a body of people having co same 

nization or interests” and not necessarily ‘a body of people 
place” The phrase worries me because it presents so many 

misinterpretation or non-interpretation. Nevertheless, the intended mte^reta- 
tions oftts several words blend together to yield precisely th ® 

iir o f- ■ A hodv of iieoole working in direct, concurrent interaction with 
scorers and pfoce^ers of information and thereby endowed with the power of 

knowmg^-iine lntellectual community is a young, but not a 

ularly, it is not new to you, not new to the Engineers Joint Council, ’ which has 
been you well know, the focus of much advanced thinking about informa«on 
’ g, an( q networks The on-Mne intellectual community is, however, a uir 
%ftfy si^mcanT“nceptf fhr it embraces two of the main “es f ™nt 
discussions of library and information systems — the computer and the net '' ”^ . 
and ^ is setting the direction of much thinking and planning even though 
some parts of the concept are not ready for bhpl^e^tlon on a ^a e 

the immediate future. The phrase, “the on-line intellectual commimtty.g^ned 
considerable currency, at least within a small group, this summer at Woods Hole, 
Massachusetts, where M.I.T. had a planning conference on informat^n transfer 
pv™Sments called project INTREX. I shall mention that the book called, 
“ 1 OTRFX A Report of a Planning Conference on information Transfer Experi- 
the M.I.T. press last week or the week before last, and 
Si aZ mentJonrtat 5 ; if what I «£y about the on-line 

is unclear or insufficient, you will find a chapter , in . *“• {""*•! f ilart isdong^r 
lievc, which might also be unclear or insufficient, but which at least is longer 

than what I intend to tell you here. imn , ml „i™ dollars” and 

As I listened to Bill. Knox this morning mention $300 mUlhm dollars and 
say “computer-based Information system- several tunes, my rnind leap^ ahead 
4 -n^o fntnrp bv which Bill has already been almost wholly successrui in 

Moving inrmntafnsthat he is moving, when there is a vast^mputer- 

based information network. In fact, this network is temgdedicat^ Arne asureof 
Bill’s success in moving these mountains is provided, by the fact th t . 

attentlomS matter o! space technology, and perhaps also to wars in distant 
nftimfSM hns been encroached upon considerably by the. effort to set up cne 
^nwt^fo'matlo^networ^ for sciSice and technology. The President, on the 
T4le oi Cu^at n in g W the netw^k, is really worried about the a»ace > Pro = 

and the war situation, and you canseethiswor^comethrwghimhis^u^tton 

to the great information machine before him. He says, What shall we do^m 
XwnTt Tnnke sure that we master our own world and establish peace tnrougn 
out it and complete the conquest of space and, in the name “ p^er cord 
masters of the universe forever?” The machine says, ‘ Pull out my power com 

ri Whe^i y referred to “the computer,” I had in mind not quite such a device. I 
the^Sure second or third generations of such systems. When I ^ 

coaxial^able^n^row^^i^^mlssinD^aciH^^andrtielil^dOMeSinglmul^pl^ 

S* 

aS ^nc S e V thi 1 s a il A lSichTOn talk, I am feeding free to let wishes and hopes have 
some influence fn slmping the mncept, hut I shall not W h o^ H ^,°^4ant to 

OTMion from considerations of technical and. economic feasibility. I want to 
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talk about tiie facilities, functions, and services of the on-line network and 
then to mention a few principles, a few techniques and a few problems. That is all. 

Hopefully, I can paint a picture that will be useful as one of several influences 
upon our thinking about information systems and networks. Now, many influences 
on our thinking have the form of extrapolations from existing experience. This 
one has some elements of that. Indeed this picture I want to paint is made out 
of subimagee, out of schemata, that one can see operating now in one place or 
another, in primitive ways. But the thing does not exist yet as a whole, and it 
may never exist in quite the form in which I shall describe it. I think the 
over-all concept may be useful as an attraction, a pulling force, that may influence 
to some small extent the direction of thinking about the problems that are under 
discussion at the meeting today. But, as I said, this is just a luncheon talk, and 
you don’t have to take it as a statement of a plan or as a revelation. 

Now, about facilities and services : Iiet me start from the user’s point of view. 
The user sits at a console. In my picture, the console is essentially the desk. The 
desk has become an active thing. The desk has displays built into it. They are dis- 
plays of hard copy and of soft copy They are displays of alphanumeric strings 
(that is to say, of letters, characters, words, and the like) and also of graphs and 
diagrams, and also of pictures. The pictures are either TV-like pictures repro- 
duced with the aid of scanning from pictures in a respository or projections of 
microimages delivered from the repository to the console. The other displays are 
driven by electronics, and the information presented exists in computer-process-' 
ible form in the central or in the local store. 

Besides the displays, the user, the man at the desk, has a keyboard and a 
device like a pencil or a pen (in the current technology. It is usually a “light pen” 
or a stylus) with which he can write on the display surface and — if he writes 
very clearly, or perhaps if he prints — be understood by the computer; the com- 
puter can tell where he points and can make parts of the displayed image follow 
the pointer. 

This potentially very “powerful” and convenient interaction between man 
and computer stems from early work mainly at M.I.T. and the Lincoln Labora- 
tory. There are, in operation at a dozen or more places in the country, several 
systems for computer-aided graphical design, descendants of J.van Sutherland’s 
“Sketchpad.” I hope that some of you have seen Sketchpad or its descendants in 
action, either directly or in motion pictures. They contain many of the images 
that I want you to have in mind as I talk about the facilities of the on-line 
commiinityV ' ■* ,i '-- r . • v. 

At any rate, with the aid of systems such as Sketchpad, you can sketch too the 
computer, and it records and sharpens up your sketch and “understands” the 
structure you have conveyed to it. • f ? ■; i • : 

Besides the pen and display we have been discussing, there is, in the idealized 
console of my mental image, also a keyboard, of course and perhaps some mode 
or function buttons and switches, a headset or loudspeaker, and a microphone. 
The microphone is not for free^mtural-language communication from the user 
to the computer, but for comments of a very simple sort in a very constrained 
language. When you draw a line through something and say “erase,” the com- 
puter distinguishes that from your drawing a line through the same thing and 
saying “underline” — -that level of speech recognition. . 

Besides the desk equipped with these devices, and of course a projector if you 
work for micro-images, there is an “interaction language.” I do not know exactly 
what form the interaction ; language will take. Calvin Mooer s tells me that he 
does and I should ask him to tell you about it. However, I am here at the 
microphone arid he is not, and possession is nine points of the law, So I shall state 
the essential characteristic of the interaction language by saying that it is natural 
enough for the user and formal enough for the computer. The part of the inter- 
action language that flows from the computer to the man is quite different from 
the part that flows from the man to the computer. The language “spoken” by the 
computer is largely pre-recorded and stored in the computer’s memory — in which 
case it is essentially unconstrained English plus graphics. I- shall not take time to 
go into the problem of generation of responses by the computer except to say that 
such a capability, based on advances in computation linguistic^, has been demon- 
strated in primitive forms and is by no means an exclusive : feature of science 
Action. Indeed; computers now "speak” recorded sounds in practical applications 
and computer-synthesized sounds in the laboratory, and one can count on audi- 
tory as well as visual presentation of the messages that flow- from the computer 
to the user. 
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The more difficult and more Interesting part of interaction language is the 
part that flows from the user to the computer. This part must »r 5® 

user to learn and to employ. It must not pose any implicit «^uirement ttattte 
user be skilled in computer programming or knowledgeable about _tte tatenaal 
workings of computers, but— since programmability is a very basic and jmwerful 
feature and since elementary programming will find its way into the ! lives of I many 
members of the on-line intellectual community— the interaction lan^^ should 
include, or provide a bridge to, or at the very least be compatible with, computer- 

m“i^comp^tm- S part of the interaction language catries the use^s expres- 
sions of commands, queries, and declarations. He uses it in w wfth Oiem 

services afforded by the computer and in controlling and ‘“^racting with ttiem 
Since bis expressions are made partly through keys, buttons, and swtohej > PJUU7 
through stylus or light pen, and partly through speech, the interactton-language 
subsystem must meld those diverse but correlated incoming signals into a unified 
message stream. Thus interaction language is a large field, full of problems, some 
of wluch are unsolved, some almost unformulatecL 

Finding the right structure for, and then achieving an effective implementation 

of interaction language will require much work, but I am %t?Tt hal b^n 
the effort will be su ceessfuh — or, to put us back into the future, that it has been 
successful The next thing the user sees, beyond the console and the interaction 
1^^^ is the 'set of services that he calls and with Which he interacts Because 
I want to move on 'to the library-document-information network aspect 
line intellectual community, I Shall not discuss the other services in any detail. I 
shall merely name them. I^et me name the retrieval and dls^mmatton 
first— the essential basis of the aspect upon which I wish to dwell — for it is, m 
mrr opinion the first and foremost of the service®. The second is simulation. The 
Rirriiiltation that I picture in my mind is different enough from conventional com- 
p^^^ro^^^^sU^lhtimi^— different particularly in making extensive use of 
dynamic displays— that I am inclined to [refer to it by another name, dynamic 
SS’’ S dynamic-modeling service facilitates one’s expression, ones 
Srrmulafion of idea® lets him develop his formulations in a progressive way 
^or-lets him play his ideas back in graphic formand 
study th em to find implications and consequences that otherwise would __ 

m^words^ut 1 t^on^To^^^ ^^S^elin^ 

oViin’c hull <sketehpd 'bv the designer at the console, analyzed and re-expresseu 

<* «n.ao M bj the com puter,- ~j ».ng!. «> 

bvm ey^but I u^e^rtand that the modelled ship hull can be towedjtawgh a 
«i™,h?ted tow tauk th at^the Impedance of the water to the motion of the ship 
S&^^a^hat the dS?r can, thraugh a blend of history and tr nl 
Jind error Droeressively improve the performance of his deslgn.-Other examples 
are found' in automobile design and; in 'the design olo ^^* d Vtine lt ^ text It 
The third 5 service is assistance in the generation an<T 
facilitates generation,’ Itorinat control, editing, and updating. g 
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on-line Intellectual community is ever retyped by human hands. After the 
original typing, the record in the computer’s store is modified. When clean copy 
is required, the computer presents it. 

The fourth service is arithmetical and logical assistance. Whenever the user 
is working with data that are in the system, he can bring already prepared 
programs to bear upon the data. Thus he can work “at arm’s length” — -he need 
not read every character of the information with which he works if he can define 
explicitly the procedures that he wishes to apply or if he con specify them by 
name or function and retrieve them from the library. 

Further services includes: language processing (for example, analysis of text 
to discover syntactic ambiguities) f data-bank services (which will be increasingly 
important, I believe, because more and more information is being collected and 
recorded in forms that are amenable to arms-length processing), communication 
among people with reference to stored information (a combination of telephone 
and television, with a computer in the circuit), assistance in the preparation, 
“debugging,” and specialization of computer programs (specialization being 
especially important because moat of the programs available from the library are 
written in very general forms, and it is often worthwhile to speed them up by 
re-tailoring them for the application at hand), and computer- as sis ted instruction 
(in a wide variety of subjects, including, of course, how to use the console and 
the various services available through it). 

The foregoing list of services is to some, no doubt, just a list of phrases In 
some kind of a jargon. To others, or perhaps I should say particularly to me, 
it is a list — not a complete list but a fairly complete list — of the elements of 
the intellectual processes in which scientists, engineers, administrators, managers, 
lawyers, doctors, and several other groups of people engage. Perhaps the list 
is less complete for humanists than for other members of university com- 
munities, less complete for experimental scientists than for theoretical scientists. 
In the latter case, I should have made it more complete by including assistance 
in the conduct of experiments, which is a genuine application of on-line informa- 
tion processing, currently the focus of considerable interest. 

Let me turn, now, to the functions that lie within the realm of the library, 
the document room, the information system, and the information network. 

Having just now mentioned the, experimenter in the laboratory, I am inclined 
to adopt a very broad approach to this part of the discussion and to note that 
the whole process cxf acquiring, distilling, storing, retrieving, disseminating, and 
using information -is facilitated and integrated in the on-line intellectual com- 
munity. As the research scientist conducts his experimental work through the 
computer system, monitoring and guiding the probing of nature from his console, 
he acquires data in computer-processible form. He couples statistical analysis 
closely to the acquisition of data, sometimes using the results of one minute’s 
experimentation to determine what question to ask in the next. He may come 
to a point at which data from the library, or from a data bank, should be com- 
pared with data newly acquired through experimentation and— since both kinds 
of data are accessible through his console, and not only accessible but also 
processible with the aid of the same set of analytical programs — he is likely 
to join the laboratory and library parts of his work more closely together than 
they are joined in our present-day ways of working. 

The. theoretical, scientist works often with data and often with documents, but 
bis favorite approach involves the dynamic modeling programs to which I referred 
in the discussion of services; Some of his^models are simply computer-program 
implementations of conventional mathematical models. Most, however, involve 
as much logic or decision making as mathematics, and most are too complex or 
too nonlinear to be treated in the same way as mathematical models that can 
be represented in a few equations and solved with the aid of paper and pencil. 
In any event, the theoretician. draws some of his models from the library and 
some from the on r Hne files of his colleagues— with their permission, of course. 
Other, models he prepares with, the aid . of modeling and simulation languages. 
(Even at .the. present time, there is a profusion of such languages, and a few of 
them are' operating within multiple-access computer systems. ) He explores the 
several models that seem to him to be ^competitors in the explanation of some 
range of facts by setting them t in to, operation upon data— data drawn from data 
banks and files — watching their behavior through graphical displays, and meas- 
uring their performance with the aid of , specially ^designed programs that make 
observations upou the models as they run and even conduct “experiments” with 
the models as subjects. The work is often characterized by changes of direction. 
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by modification of one or another of the models to test out a new idea and by 
consultation with colleagues during which two or more scientists, each one in 
his own office, examine together instances of model behavior that one of them 
considers to be particularly significant. - . , . „ ... ,,,, 

When the experimenter or the theoretical worker is at a point at which lie 
wishes to prepare a report, he prepares his report athis console He tow ^ upon 
data and models and partial representations of results that he has already 
developed He assembles those existing pieces and generates new material to 
create^a document. In some respects, the document is similar to the documents 
with which we deal today, and in other respects it is quite different. In ite pri- 
mary form, it consists of computer-processible code and is stoi ^.*“ 
memory of the information network. At any time, by any user authorized to have 
access to it, it can.be converted into hard copy— ink on paper— and that is an 

excellent anil nmch-nsed form, even in the on-line community. 

In order to suggest what I have in mind about the main difference between 
a conventional document and a document in the on-line system, let me take just 
one example: the concept of “figure.” In a print-on-paper document a figure i is 
a fixed static thing. It consists perhaps of curved lines against a coordbaate 
framework, or perhaps of diagrams, together with some alphanumeric mforma- 
tioT ln tile ondlne network, however, a figure is likely to be dynamic When 
the reader interacts with it, pressing a select^ button or 

to a selected spot on the screen, parts of the figure move. If the figure contmns 
a sketch oi‘ a device the device operates. If the figure contains summary 5*a- 
tistics, the over-all means break down into component means in response to a 

qU In y the on-line community, publication will Include the placing of data In data 
■banks and rn^iels in model collections as well as the placing of documents in 
innZto or lTbmries Actually, I think, there will be a fusing of the several kinds 
of repositories and a general integration of the over-all information sy sterm but 
in the present connection the important point is that, in the on-line network, 
“publication” has a somewhat expanded meaning. I should mention, by aU 
means, that as much prestige is attached to the publication of highly regarded 
fud widely used computer programs as to the publication of anything else. 
Before leavinf publication, let me mention that footnotes and references are, 
like figures, potentially active, dynamic data structures. Point at a reference 
the proper way, for example, and you will see an abstract on the article cited. 

In the process of talking about documents, I moved into a discussion _of pub- 
lication before finishing what I had to say about the preparation of the report 
Preparation is facilitated, of course, by the package of programs for preparing 
and editing text. The editing programs are used when the document!® criticized 
by colleagues, when it is reviewed by editors, when — if it is a review article or 
handbwk— -it is brought u^to-date There Is, Indeed a '1°^^ 

and editing, because the document is available to the invisible colleges of 
which the author is a member as soon as the author is wilting to permit access 

t0 Within the information network, there are several “levels” of publication. In- 
asmuch as the document is created within the system, adocumentispublished 
in a sense, as soon as it is given a tag that permits wide accessibility. In that 
informally published state, the document accumulates comments cnticisms, and 
appendages, put there by others who are interested in what it says. The public 
files of each multiple-access computer system within the information network 
are guarded by an editorial committee. Acceptance by that committee marks a 
higher level of publication, one at which the bibliographic citations, the dynamic 
footnotes, and the like are guaranteed to be in working order Beyond that level 
there is formal publication in journals — but note, of course, that one form of the 
journal will be that referred to earlier as the primary form, computer-proces^- 
hle code stored within the network. The motivation for publishing in a journal 
will be related to the desire for wide dissemination— the information network 
does not yet extend all over the world— and also to the desire to have one s arti- 
cle well catalogued, abstracted, and reviewed. . .. .... . ... 

That phase of a library’s operation that is called acquisition is much dif- 
ferent for a library associated with the information network than it is for a con- 
ventional library of the present day. The computer-processible files ; of the library 
are part of the network; and the computer-processible files of the network are 
part of the library. Data, documents, and models are therefore acquired essen- 
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tiidly as they are generated, or at any rate as soon as they are tagged for access 
outside the author s immediate circle. Working at consoles within the network 
a £ e P ro ^ s ®J ona l cataloguers, indexers, abstracters, organizers, and converters 
of format. Some of them organize the stores of computer-processible information 
to facilitate retrieval and to elfect dissemination of sets of data, of models, and 
of documents. Others strive to extract information from the data forms just 
mentioned and to incorporate it into newer structures designed to support what 
is sometimes called “information retrieval” in contradistinction to “document 
retrieval.” 1 

?^ e °f the information network permit a much mere direct inter- 

action between the professional documentation alists and -the generators and 
editors of documents than is possible today. Very close interaction between 
people with substantive interests and competence in the various fields of knowl- 
edge and sTecmlists * n the information sciences will be necessary if a truly 
emotive organization of knowledge— an organization both broad and deep and 
also both coherent and correct — is ever to be achieved. Perhaps I should say 
again that what 1 am describing is only a concept, for I should like to empha- 
size the basic importance of reorganizing and restructuring the body of 
knowledge. Almost surely, natural language is not the preferred form, and 
neither is natural language intermixed with expressions in one or another 
language of mathematics or logic. Other ways of organizing and structuring 
inform ataop^ are being explored, and it seems likely that formalisms will be 
developed that will facilitate distillation and crystallization of knowledge, that 
will permit more compact storage, that will be amendable to processing, and 
• ^ hat 1x5 expressive than the natural languages are. I realize that the 

dream israther far from realization, but' I think it is a realizable dream, and 
a very attractive one that will invite much effort during the coming years. 

Now, the functions of announcement and dissemination. The online intellectual 
community is an excellent testing ground for systems of selective information 
Need * eas to sa y> several good systems have been tested, and 
tne ° r them are in fairly widespread use within the network. When a 
? Ser » 9 iL s at his de ^ k (console) in the morning, he finds a “message of the 

day. It is tailored to his special interests, which of course are known by the 
system The message of the day bells him briefly what has happened within the 
network that is likely to affect him. The ; first part of the message concerns 
changes in operating procedure and in the set of services available. The second 
part concerns acquisitions of information. The message is in a sense a com- 
binatiom of a news builetin and an index. K contains “pointers” which, when 
activated *by a user, lead to additional information. With their aid, he can 
expiorem depth a ny items that prove to be of particular interest. The announce- 
ment of library acquisitions and the disseminations of abstracts and documents 
are coupled, as I have indicated* to the message of the day. At any time, however 
a n U ??f can re< l Tiest to see the announcements or to receive his “dissemination” 
allotment, and many users prefer this compromise between retrieval and 
dissemination to unsolicited dissemination. 

^retrieval function is, in my opinion, absolutely fundamental. The l;in- 
page through which retrieval specifications are formulated is the interaction 
language, ■ itself. It permits convenient expression of boolean queries andques- 
toranal languages. If what the user specifies is a reasonable 
prescrtptiorL, the retrieval system sets to work to deliver the requested in forma- 
77 OD, a l lx d usually provides rapid service. If the prescription is not reasonable, 
€n tors negotiation with ithe user and helps him pin down 
his description of what he wants through conversational interaction. The infor- 
mation network extends into the array of national resources, and perhaps interna- 
tional > resources, discussed by Bill Knox. The picture I am trying to paint as- 
surnes 'that Bill and his colleagues in the Office of Science and Technology and 
on the^ Committee on -Scientific and Technical Information have been successful, 
tnat itno national and international informational resources are well organized 
and effective. In the interest of concreteness, however, I shall use the present-day 
names_of some of the agencies as I try to describe briefly the. kinds of service 
available to a user at his console. - 

l?./?+5^ tuna J e Jbat ‘^information”- is used sometimes in a generic sense to cover all 
forms and types and at other times has a lower-echelon heading, but so it is. 
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(The user interrogates the Science Information Exchange to fin'd out who is 
working, under government support, on a particular problem of immediate an 
terest to him. He interrogates National Referral Center to find out who (holds 
documentary information about the problem. The National Referral Center atay 
direct him to the appropriate Scientific and Technical information Bvalv^/non 
Center, and he may communicate through the network with an expert there 
who may agree to work up a bibliography and a technical summary provided, 
of course, ithat a governmental agency that supports one or the other of them, or 
preferably both, will foot the hill. Getting down to brass tacbs—actual documents 
and data — (the user interrogates the Clearing House for Scientific and Te^imcal 
Information, which starts immediately to fulfill his requests and bill him through 
the network, but the user comes to just in time and diverts his inquiry <to the 
Defense Documentation Center and the Information facilities of the Atomic 
Energy Commission and the National Aeronautical and Space Administration, 
with which his institution has research contracts. Actually, hehind the facade 
of agency names, there is (in this conceptual picture, but not yet in actuality ) 
just one large computer-based information system, but it keeps books and re- 
spects authorizations in such a way as to maintain the illusion of departmental 
organization- . _ ,, 

.Let me return to the topic of “question answering. I am not sure whether or 
not I should include a question-answering service within my picture of the 
informat ion met work. Of course, I have not associated a definite date with the 
picture, and I might therefore go ahead and include question-answering capa- 
bilities with impunity, but the fact is that I am both greatly fascinated by the 
problem and greatly Impressed by its difficulty. Let me compromise by saying 
that the information network will probably provide a limited question-answering 
service. It will be based on ways of representing * d.l »uite different 

from those we use now. 

A basic technique for question answering several years 

ago — first, I believe, by Fisher Black, but also b oth - information 

on the basis of which questions are to be answer, t *«“ uted in the language 

of a predicate calculus. Information in such a form is processible by computer, 
and the computer can, with the aid of appropriate programs, make deductive 
inferences from the information. Questions are posed as tentative assertions 
in the same formalism. In the case of yes-no questions, the computer determines 
whether the question statement or its negative can be deduced from the informa- 
tion base. If the assertion can be deduced/ the answer is “yes.” If the negative of 
the assertion can be deduced, the answer is “no.” If neither can de deduced, the 
answer is, “I don’t know.” Questions other; than yes-no questions involve vari- 
ables The procedure for answering those questions is more complicated, but in 
fact the computer comes forth with lists of values corresponding to the variables 



or with “I don’t know.” ' '^y : x . . ' ■ : : 

Thus far, question-answering systems have encountered two difficulties, hirst, 
it is very difficult to program a computer . to translate from natural language into 
the formalism of predicate , calculus-: — very difficult even in instances in which the 
translation is theoretically possible. Second, it takes a fantastic amount of com- 
puting to answer even very simple questions. v , i .. v ‘ A 

In one of his demonstrations, Fisher Black solved a problem called the Airport 
Problem,” posed several years earlier, by J ohn McCarthy. . Many of you know the 
problem. For any of you who do not ; know i t,D shall staite it simply in a r rough 
English approximation to. predicate calculus of the information base and of the 
question* > '.«/• 0'r-> rf-r ■£:- •• ■ , , 

l am at home. My car is in the garage. The garage is at what I call my home. I 
can walk from any place I call “at home” to any other place I call “at home.. The 
airport is in the same.countyias,my home. I can drive from any place in the county 
to any other place in the county/ I want to -go to the airport. What do I do? 
After ©pinning ; its wheels for an embarrassingly long time, the computer 



produced the: answer: 

■ Walk to the garage. Drive to the airport- a . - a > ■ _ - ^ . . • • 

Now, that performance is trivial^ and yet it is very fundamental. It is funda- 
mental because the computer is not as greatly handicapped as a person ^would^be 
if there is a large amount ■.of irrelevant information in, the information base. The 
Airport Problem is essentially the basic, problem of logistics : With such and such 
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resources, with such and such capabilities, and with such and such an intention, 
can I succeed? If so, how? If not, why not? 

Rerturning to the functions of the information network, I want to mention again 
the function of communication among people with reference to, and in interaction 
with, stored information. Present-day time-sharing systems are already providing 
a glimpse of how that function will be employed and how important it will be. 
Typically ones closest intellectual colleagues are not geographically his closest 
associates. In science, technology, administration, and several other fields, they 
are likely to be remote. Through information networks — even through tele- 
processing in a system with a single central computer — geographically distributed 
colleagues can work together in interaction with stored information— indeed, 
through dynamic interaction with models and data — and collaborate as effectively 
as if they were in a face-to-face conference. I think that that statement is not a 
severe exaggeration. 

Earlier in this talk, I mentioned “arms length interaction” with information. 
Let me now give a brief illustration. Suppose that the user is trying to determne 
which, of all the harbors in the world, a particular vessel can enter and reach 
a dock without running aground. To answer that question, he has to do a con- 
siderable amount of calculation. The calculation must take into account the 
shape and depth of the vessel and also data about the conformations of the bottoms 
of harbors. If one thinks of executing this task with pencil and paper, he must 
solve, first, a subordinate problem: how many clerks will it require to carry 
through the calculation in the time available. Working at a console in the in- 
formation network, however, one can think and experiment until he figures out 
how to solve the problem for the given vessel and one harbor, and then he can — 
if he likes — simulate the passage of the vessel through the harbor to tbe dock 
so that he can discover any visible flaws in the method. And then he can com- 
mand the computer to apply the same procedure to the data for all the other 
harbors in th.e data base. 

Note that the “data base” is au esse Mai part of the facility for solving this 
problem. Note, also, that it would not very helpful to have the data base if 
all you could get from it were a printout of all the data. The essential thing is 
to connect the several required servi : > together to integrate them into a uni- 
fied or coherent system. With such a system, one can solve his problems without 
having to take in through his eyes and process with his brain every element of in- 
formational detail that is required in the solution. The need for such a facility, 
for such a system, recurs over and over again in business, in military, and in aca- 
demic thinking. 

Now, time flies. There ore many more functions, but perhaps I have said enough 
flo suggest to you the nature of the over-all picture. In that picture, if you project 
yourself into it, you are working at your desk (console) with information that 
you select, and the processing of which you control, through an interaction lan- 
guage. The information is stored in a system of memories associated with a net- 
work of computers, communication links, and display and control devices. Your 
purpose in interacting with the information is to solve a problem, to come to a 
decision, to explore • an idea, to formulate a question, or something of that gen- 
eral nature. Presumably, you are expert at defining your purpose, pointing to 
your goal, dreaming up a plausible hypothesis, and telling whether, in the course 
of your effort, you are on a promising track or not. Almost surely you are not 
very good at carrying through the detailed clerical operations that are involved. 
The computers of the network are very good at that, however, and their short 
suits are your long ones. You and the computer network complement each other 
neatly land, working together in close interaction , you accomplish your purposes 
with efficiency and dispatch. J W -■ ; ; : v— 

That is, at least roughly, the concept. I have been careful not to advertise it as 
a goal near at hand, as a thing achievable in the near future. Perhaps I may say, 
however, that it is amazing to me how many of the elements of the concept are 
demonstrable now. Insofar as technological capabilities are limiting, I have the 
feeling that the concept is closer to realization than ... well, I guess mmch of 
science fiction is getting fairly close to realization these days . . . an<LX should 
turn from this line of thought to my final endeavor, which is to set forth a few 
statements that I consider to be principles that are relevant to information net- 
works and tcr^She concept of the on-line intellectual community; 
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The first principle deals with interaction, with the direct “on-lineness” of 
man-computer interaction. The principle is that it is truly essential to receive 
service “within, the thought cycle.” That is to say, it is important not only to get 
what you ask for but to get it while you are still thinking about the problem — 
and not tomorrow or the next day. I think I have told some of you about iny 
interaction with a hunter on an airplane a couple of weeks ago. It just happens 
that, as I was on my way to make a talk about information retrieval, I sat down 
next to a man who was an avid huntsman and who owned a retriever. He was 
vehement on his main point : It does not help much for the dog to go to the bird 
unless the dog brings the bird back at once to you. Immediate delivery of the 
product is the essence of retrieval. Now, I am not sure why immediacy is so im- 
portant in hunting, but I think I know why it is important in constructive 
thinking. Constructive thinking can be analyzed into two elements — f.wo elements 
that figured in the discussion only a minute or two ago. Man is jery good in 
handling one of the elements. He is very good at guide lines, at formulation, at 
creating hypotheses, at playing it by ear, setting goals, and at evaluating success 
in meeting them. In the jargon, these functions are called “heuristic.” But man 
is, as now appears evident to almost everyone a very poor- — that is, slow and in- 
accurate executor of predesigned, p re-prepared procedures. This function is some- 
times called “algorithmic.” The great success of computers in science and 
industry has been based mainly on the fact that they are extremely fast and 
accurate in following prepared procedures, in executing algorithms. 

Most' constructive thought involves a playing, back and forth, between the 
heuristic and the algorithmic functions. The interplay, cannot be effective if the 
“turn-around time” is a day or even an hour. The algorithmic response should 
arrive within seconds. Indeed it is sometimes frustrating if it takes even 
seconds. - • ‘ _ 

The second principle I need only mention here, for I have already dwelled 
upon it at some length. It is the principle of processing information, at arms 
ler^h. Perhaps I may give one more argument for its importance. People read 
v slowly. If we define, a sub-field in such a way as to divide the over all field 
oi. and technology into about a thousand parts — of which a typical one 

mig be, for example, oceanography— then a man reading the literature of a 
Kid , id as though it were a novel, eight hours a day, would finish reading the 
literature on which he started at a time when the literature had just doubled. 
It would take him about ten years to read what there was when he started. When 
he finished, there would be another ten years’ worth to start on. After that, of 
course, he would be in an even worse situation, but we do ; not have to go- into 
that to see that a man cannot read everything that is relevant to his work. We 
have to develop ways of processing more of the information we use in intellec- 
tual work, ways that are at least roughly comparable to those used by business 
firms in handling their payrolls and inventories^ This may not be a wholly at- 
tractive thought, but I think it? is a crucial one. We need to progress from, the 
intimate connection that a laborer ; has with his material to the arms-length 
connection that an executive has with his. , - 

The third principle, , which is, I think, the most important one, has to do with 
cooperation among people. .Most large; tasks, are too large fov one man. When 
several or many men are required to accomplish a goal, it . is essential, to or- 
ganize the effort, in such a way as to make the individual contributions fit to- 
getherj. Unfortunately, it seems to jie even more difficult to achieve coherent: and 
cooperative interaction in intellectual work -than it is in clerical and physical 
labor. There is, however," at least a reasonable hope that on-line information 
networks - ^ ill facilitate cooperative interaction in intellectual endeavors*. 

In the uurwersities and research organizations that, have .been accumuBating 
the initial: experience with on-line janultiple-access systems,, mo3t of the effort 
and most ml the interest have beemnfocused upon the problem of improving the 
effect! vene* of individual users. Itiis now quite evident that close interaction 
with a welsg^ogrfuhmed computer can do great things for the . thinking of the 
individual, however, as more andanore people have become participants in on- 
line information processing, it has slowly dawned upon observers that the-faeili- 
tory effect may be eveu greater forrgroup thinking, for the intellectual process 
of the community, than for the individual members considered one at a time. It 
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is beginning to appear, indeed, that multiple access to an interactive informa- 
tion-processing system is a precondition for coherent intellectual work involving 
several or many people. In rough analogy, a multiple-access computer system 
provides a nervous system for a local community and a network of such sys- 
tems provides a nervous system for a geographically distributed community. 

There ■are two main reasons, I think, why the social implications of multiple- 
access computers and information nets are starting to become evident only after 
two or three years of experience with time-shared computers. The first is simply 
that arrangements for individual access were made before arrangements for 
access by pairs or teams of people, and that there had been, as yet, very little 
experience with true information networks. The other reason is that most of the 
“software base,” the collection of programs and data available to users, is gen- 
erated by users in the course of their day-to-day work. Only after a fairly long 
period of operation does a multiple-access computer system present to its users a 
comprehensive set of intellectual tools. 

It is interesting to me to project this idea of development through use into the 
field of documentation- At the present *time, most cataloguing, indexing, and ab- 
stracting is done by professional doeum ental i sts who understand thoroughly what 
it takes to make a good catalog, a good index, and a good abstract. However, few 
documentalists are deeply immersed in generating the literature of physics or 
sociology or marine engineering. 

There is always the problem, therefore, of injecting into the bibliographic 
apparatus the necessary deep understanding of technical substance. Obviously, 
the problem can be solved only through close interaction between substantive 
competence and competence in documentation and information science. Ideally, 
that interaction would take place in the brain of one individual, who would un- 
derstand both fields thoroughly. But it is unrealistic to try to solve the whole 
problem with that approach. On-line information networks introduce the possibil- 
ity of achieving very close interaction between the substantive scientist or en- 
gineer and the documentation expert. As suggested earlier, the interaction can 
take place during the actual preparation of a report and continue on through 
the process of Siting, publishing, and Incorporation into the body of knowledge. 
The interaction does not have to be mainly a matter of ccmvereatlon ; it does not 
have to waste much time of either party. Most of the contributions of each party 
can be developed independently. The crucial things made possible through on-line 
interaction are the occasional brief discussions in the interest of clarification of 
specific questions, and' the joint work sessions in which the independent con- 
tributions are fused together to produce the final documentation. 

Perhaps I should mention explicitly that; the work of cataloguing, indexing, 
and abstracting will be greatly facilitated by preliminary work done by pro- 
grams operating routinely within the system. These will cheek citations, produce 
indexes and abstracts, and so on, for the author and doeu men tali st to use as raw 
materials. In; additional /should mention explicitly that important contributions 
to the apparatus of bibliographic control will ; accumulate as by-products of use 
of the system. Users will make comments, and 7 (after editorial acceptance and 
authorization ) some of the comments will be appended to published items. Simply 
by retrieving and using data or models or dckm men ts, people will generate ‘‘trails” 
through the information base. These trails will bring about, at long last, a realiza- 
tion of IT anne va r Bush’s “MBMEX.” Proprietary users may^ehoose to erase their 
trails, but academic users 7 will probably be willing to offer them as a contribution 
to the public domain. Perhaps an engineer will find himself thinking, “I want to 
see what so-and-so has been daSng. He has been turning out better ideas this 
last yearthamlhave. '■ • /. U ; - ' : / '•' ’ - ‘ • '■ * ’’ 

Now, in conclusion, instead of telling a few jokes, as I had intended to do, I 
should like to touch again upon a few of the points that I have mentioned or 
iscussed, to reactivate a few of tthe images in your minds; ■ ; ! 

As I indicated, dynamic modeling seems extremely promising to me, It seems 
uu introduce a whole new dlinen^on into the process of thinking. It promises to 
let you see the implications and cgmsecniences of your ideas — indeed, to let you see 
whether you have yet formulate a complete idea, callable of “running” in the 
computer and displaying its beha^or to you. 7 , ' - 7 , ’ "‘■ i ' 

“Pointers” in the text seem to me to have a different level of importance. 
It is merely a matter of convenience, and not in and of itself a breakthrough, 
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to be able to explore an idea further, in a selected direction, by touching the 
appropriate one of several buttons or several patches of light on a display. 
On the other hand, I think that a sufficiently large set of mere conveniences 
can constitute a major factor in the intellectual process, and I am choosing 
pointers in the text as a representative of a set of conveniences, which X should 
like to see developed and polished and made available for widespread use. The 
other day I spent all morning, and had to work on through the lunch hour, on 
a list of fifteen references for a paper that was overdue and absolutely had 
to be put into the mail. Actually, I had to drop three of them because I could 
not get my hands on the complete citations. (X had read the articles, but I 
had not taken good notes.) How helpful it would have been to me then to have 
a console in an information network, to point to a citation in a bibliography 
and see, immediately, the list of references in the article cited, and then to 
point to one of those and see the article itself. With such an arrangement, it 
would not have been so hard to find the final page number of an article for 
which I had all the other bibliographic information. 

“Passage retrieval” is a compromise between document retrieval and question- 
answering. It is essentially impossible to describe the contents of a book with 
three or four index terms or even with a dozen descriptors. With no more 
sophisticated apparatus, however, it is possible to describe the contents of a 
short passage, a paragraph for example, fairly well. A straightforward pass 
for progress in the information-retrieval sub-system, therefore, is to progress 
from document retrieval to passage retrieval. 

Question answering seems so desirable to me that I do not want to let my 
mention of passage retrieval divert attention from the idea of question- answering 
systems. I think that research on such systems will lead to new ways of struc- 
turing and organizing information and perhaps also to a desirable formaliza- 
tion — Increasing its expressive power without decreasing its convenience— of 
language for science and technology. 

Four of the problems that stand in the way of realization e of the on-line 
intellectual community are: 1) getting text into computer-processible form, 
2) providing wi de-band switch able communication channels, 3) providing eco- 
nomical yet adequate graphical displays and, 4) developing a good interaction 
language. ' '\ • 

The best way to get text into computer-processible form is to generate it In 
that form and keep it in that form. There is no technical obstacle in the way of 
doing that right now. To convert from print on paper to computer-processible 
form requires either a human agency or automatic “character readers” or “page 
readers.” Human capabilities are not well matched to the task. Automatic con- 
verters are available for limited applications and under development for general 
applications;’- 2 . >•- •• " r y' m ' i y : ; J {f : ’ ' 

At the present time, wide-band switchable communication channels are not 
widely available through common carriers, and the available (narrower band 
or non-switchable) channels place undesirable restrictions upon the flexibility 
and capability of Information networks. It seems desirable to set up; in an 
experimental Tvay ; and at an early date, a pilot network - with wide-band switch- 

able ..channels. . V'- : •' •’ Y" .."4'"’ ' Y ' 

Whereas computer output used to be mainly in the , form of “printouts - 
sometimes high, piles of* paper covered with numbers and capital letters- — com- 
puters are now generating, in increasing numbers; graphs, diagrams, and 
jracture®: To produce a dynamic graphical display requires,' at the present time, 
a considerable amount of computing and a "considerable amount of data trans- 
mission. It seems very important to make dynamic display simple, rugged con- 
venient, and affordable — to place It on the desks of many people. An impressive 
effort is. 'underway. rtp achieve- that goal. '.%••• V.v> r - _ 

And finally, interaction language : as I indicated, Calvin Mcoers says he thinks 
he has that : problem licked. I hope he has. As I see iti the -essential problem is 
to find a f ormalizable subset of natural language that will seem natural to 
people, be easy to use — easy to stay within the limits of — and capable of sub- 
summing— being translated into— most of the special-purpose languages that are 
Intrinsic to time-sharing supervisory programs, problomrorlented compilers, and 
the various service packages that I have discussed. 

Thank you very much. 
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ON-LINE MAN-COMPUTER COMMUNICATION 
J. C. R. Lieklider and Welden E. Clark 



Summary 

On-line man-computer communication 
requires much development before men and 
computers can work together effectively 
in formulative thinking and intuitive 
problem solving. This paper examines 
some of the directions in which advances 
can be made and describes on-going 
programs that seek to improve man- 
machine interaction in teaching and 
learning, in planning and design, and 
in visualizing the internal processes 
of computers. The paper concludes with 
a brief discussion of basic problems 
Involved in improving man-computer com- 
munication. 

Introduction ' 

•• On-line communication between men 
:vand computers has been greatly impeded, 

* during the whole of the short active 
history of digital computing, by the 
economic factor. » Large-scale computers 
halre been so expensive that --in 
business, industrial, and university 
applications — - there has been great 
•^pressure to take full advantage of 
their speed. Since men think slowly, 
that pressure has tended to preclude 
extensive on-line interaction between 
men and large-scale computers. I nex- . 
penBlve computers, on .the other hand, 
have been severely limited in input- 
output facilities. Consequently, the 
main channel of on-line man-computer 
finteractlon, in the world of commerce 
end in the universities, bas been the 
electric typewriter. 

In critical military systems such 
as SAGE, the economic factor has been 
leBS restrictive, and the meed: for unan- 
computer interaction greater, or more 
evident. However, the SAiEIE System, 
the plane er-iamong computerized miULtary 
systems, is "comput er-io entered — less 
iso in operation ; than iin initial design, ■. . 
but still, .dearly computer-centered — 
and that fact has had a strong Influence 
upon man-computer interaction in mili- 
tary contexts. . The computers and their* > 
programs hav» tended to dominate and 
control the patterns rof activity. The 
scope for human initiative - has not been 
great. Men have been assigned tasks 
that proved r5dff icul** go automate more 
often than tissks at which they are. par- 



ticularly adept. 

For the kind of on-line man- 
computer interaction required in computer 
centered military systems, a console 
featuring a Charactron display tube, a 
"light gun," and arrays of display 
lights and push buttons proved effective. 
At one time, about four years ago, at 
leaBt 13 different companies were manu- 
facturing Buch consoles — different in 
minor respectB but all alike in basic 
concept. Until recently, therefore, on- 
line man-computer corrcmmication could 
be summed up in the phrase: electric 
typewriters and SAGE consoles. 

Increasing Need for Man-Computer 
Symbiosis 

During the last year or two, three 
trends . that bear upon on-line man- 
computer interaction have become clear. 
First, the cost of computation 1 b de- 
creasing; it is no longer wholly un- 
economic for a man to think in real 
time with: a medium-Bcale computer. 

Second, time-sharing schemes are begin- 
ning to appear in hardware form; the 
economic obstacle fades as the cost of 
a computer* is divided among several or 
many users. Third, more and more people 
are sensing the importance of the kinds 
of thinking and paroblem solving that a 
truly symbiotic man-computer partnership 
might accomplish: 

1. Military officers are eager to 
regain the initiative and flexibility 
of (command they feel they lost to the 

c ompu tessa in * c omptreer- c en t ezssdt jxmnunarad 
and coerol systems-^, but ti e*/ nam t to 
retairL-the Btorage^and proceffHamg 
services of the computers. 

2. 5A few mat ^ma ticiasis rare 
findlng^computers very ■ helped in ex- 
ploratory mathematical thinking. 

Working cHosely with: powerful computers 
and grapTlfrc displays,* theyracre able to 
see at tnee the conasequencess of experi- 
mental' aariatiafna -±»r basic -GsjSumpt ions 
and in mbe^forraulasrion of complex ex- 
press ionr. 

3. Several persons responsible 
for the programming of computerized 
systems beginning to 'believe that 
the only-way to develop major programs 
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rapidly enough to meet hardware time 
scales is to substitute, for the large 
crews of programmers, coders, and 
clerks, small teams of men with sophisti- 
cated computer assistance — small team3 
programming "at the console." With 
statement -by- statement compiling and 
testing and with computer-aided book- 
keeping and program integration, a few 
very talented men may be able to handle 
in weeks programming tasks that ordi- 
narily require many people and many 
months. 

4. In war gaming and even to some 
extent in management gaming, there is a 
growing feeling that the value of exer- 
cises will increase greatly if the pace 
can be speeded. On-line interaction 
between the "amers and computers is 
required to speed the pace. 

5. In the planning and design of 
systems of many kinds, digital simulation 
is recognized as a valuable technique, 
even though the preparation and exe- 
cution of a simulation program may take 
weeks or months. There is now a growing 
interest in bringing the technique under 
direct and immediate control of planners 
and designers — in achieving the 
availability and responsiveness of a 
desk calculator without losing the 
power and scope of the computer. 

6. Bn the field tof education, 
some of tbs far-reaching possibilities 
inherent in a meld of "programmed in- 
struction* 1 and digital computers have 
become evident to many. 

7. The complex: equipment used in 

exploratory research, now in scientific, 
laboratories and perhaps shortly in 
space, requires overall guidance by 
scientists but, at t3ie same, time, de- 
tailed-control by computers. Several 
groupflJtare currently interested in 
"semi-automatic laboratories . " . 



b. To formulate questions and 
hypotheses — human; 

c. To select approaches — human; 

d. To detect relevance — human; 

e. To recognize patterns and 
objects — human; 

f . To handle urifor3een and low- 
probability exigencies — human; 

g. To store large quantities of 
Information — human and computer; with . 
high precision — computer; 

h. To retrieve information rapid- 
ly -- human and computer; with high 
precision — computer; 

I, To calculate rapidly and accu- 
rately — computer; 

J, To build up progressively a 
repertoire of procedures without suffer- 
ing loss due to interference or lack of 
use — computer. 

It seems to us that the functions 
listed,, a through J, are the essential 
ingredients of creative, intellectual 
work. In most such work, 
strung “together it. simple temporaj. 
sequence, but intimately interrelated, 
often operating simultaneously with much 
reciprocal interaction. For that reason, 
the conventional computer- center mode 
of operation, patterned after that of 
the neighborhood.. dry cleaner ( in by 
ten, ant by five"), is inadequate for 
creatiave man- computer thinking; a tight, 
fon-lliee coupling between human brains 
and electronic, computers is required. 

We m ust amalgamate the predominately 
human capabilities and the predominately 
computer capabilities to create an 
integnated system for goal-oriented, 
on- lime- inventive Information proc easing . 



The foregoing -considerations 
suggest that man-: computer communication 
will be an active die Id during the next 
few years and : that efforts to facilitate 
productive interaction between men and 
computers will receive wide appreciation. 

Man-Computer ConnplenBentatlon 



The fundamental aim in designing a 
man-ooinpruter symbiosis is to exploit, 
the complementation that exists between 
human capabilities and present computer 
capabilities : 



a. To select goals and Criteria-- 



Bn associating capabilities a 
ISfarougJi f primarily with human beings 
and capabilities g through J primarily 
with computers, we are of course des- 
cribing the present state of affairs, 
the technology In which we now mu tit 
'ework, and not asserting any essential 
discontinuity, between the domains of 
5mman and machine- information proces- 
sing; There is~ always the possibility 

that human competence in g through J 

uran be significantly ; increased, and it 
iSa almost certain that machine 
competence in a through f will develop 
rapidly during the next decades. At 
■present, however, we think that man and 
computer complement each other, and that 



human; 



282 



the Intellectual power of an effective 
man-computer symbiosis will far exceed 
that of either component alone. 

Steps Toward Man-Computer Symbiosis 

To brine men and computers together 
In tight synergic Interaction, we must 
make advances In several contributory 
fields. Among the most important appear 
to be: time sharing and other possible 
solutions to the economic problem; 
memory and processor organization for 
contingent retrieval of information and 
programming of procedures; programming 
ahd control languages; and on-line 
input-out equipment, including integrated 
displays and controls. T5ie groups with 
which we are associated have been working 
in those areas. It is disappointing to 
find that the areas appear to grow more 
rapidly than we can explore them and to 
realize how trivial are our accomplish- 
ments relative to the requirements. 
However, we are beginning to have some 
tangible results, and it may be worth- 
while to illustrate briefly the follow- 
ing three: 

1 # A system for computer*- aided 
teaching and computer-facilltatbed study. 

2. A man-computer system; for use 
in the planning and design phaw&s of 
architectural and constructional problems. 

3. Two programs that disoalay as- 
pects of the Internal processes* .of a 
computer during execution, of programs. 

Computer-Aided Teaching and Learning 

Exploration of ways in which a 
computer can facilitate teaching and 
learning r a isnes^ several problems in man- 
computer, oomnaunioatlon. Effective 
teacher -student, relations : involve nearly 
continuous Imfcerchange of information, 
and ^ any thing tfchat interferes, with the 
communication is likely to impair 
effectiveness. <• - *■ ^ . 

■.>\;aSe, T iimsOTt»ne e of rapid, c onvenient 
student- teacher communication has.;' . 
demonstrated Itself quite..; bl early in 
experiments with; a simple, automated, 
language-vocabulary- teachlngV^ system. 

One version of" the : sys tern, -Tutor T, uses; 
a computer typewriter as the. communi- 
cation,’ link between the. student and the- 

machine ;-i$ ie tVu's examine * firs t the. J'.Z- 

procedure briefly; and then the problem 
of typewrit^; communication between 
student and / c oinpu ter . . \S' : . 

The typescript of the sample Qerman- 

English lesson,, shown inPlg.l, 



illustrates the procedure. In a session 
with Tutor 1 » the student initiates 
activity by typing "0-" The computer 
then asks him whether or not the student 
wants detailed instructions. The 
student replies by typing "s" for "No, 
start the lesson." The computer selects 
a German word at random and presents it. 
The student then types an English word 
that he thinks is equivalent in meaning 
and terminates his response by hitting 
the "centered-dot" key. If the response 
is acceptable to the computer, the com- 
puter type’s "+" for "correct." (Brevity 
is crucial. ) If it wants another 
English equivalent, the computer then 
types the German word again. If it does 
not want another English equivalent, it 
types the Item score and the cumulative 
score to date and offers a comment on 
the student's performance. When the 
student misses a word, the computer 
types for "incorrect" and "ta" for 

"Do you want to try ag-aih?" If the 
student replica "y" fo*- "yes," the com- 
puter presents the m- German word 

again. If the studem, replies "n" for 
’no, " the computer types an English 
equivalent and requires the attudent to 
copy it. And so forth, as Illustrated. 

The first thing we fount! out about 
Tutor I was that students (children and 
adults") who type well like to use it, 
whereas students who do not type well 
may be attracted at first but soon tire 
of the lesson. During the development 
of the program, several variations were 
tried out. Those that speeded the pace 
of presentation or streamlined the 
procedure of response were the most 
successful. A version that eliminated 
the requlrenftent that the student type 
the response- -- that allowed him to 
respond vocally or sub vocally and then 
trusted him to score his answer -- was 
greatly preferred, by students who typed . 
only fairly well . or poorly; good typists 
liked " type- the- answer" versions better. 
With one type -the- answer program, de- 
signed to avoid all possible Inter- 
ruptions, students who type well sat for 
two or three hours at a time, industri- 
ously adding new German, French 1 , or 
Istin words to their \ vocabularies, ' 
occasionally. checking their cumulative 
scores, but never asking for coffee 
breaks. ... ... , 

Twenty years from now, some form 
of keyboard operation will doubtless be 
taught in kindergarten, and forty years 
from now keyboards :may be, as universal 
as pencils, but at present good typists 
are few. Some other symbolic input 
channel, than the typewriter is. greatly 
needed. 
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We make some use of the light pen 
and n llght buttons" associated with 
multiple-choice questions and answers 
displayed on the oscilloscope. When the 
alternative courses of action can be 
laid out In a tree-llke branching 
structure. It Is convenient to let the 
computer ask a multiple-choice question 
via the oscilloscope display and to 
arrange the program lai such a way that 
touching the light pen to the button 
associated with particular response 
brings forth a subordinate question 
appropriate to that response. With 
four familiar alternatives, the operator 
can make a selection every second or 
two (i.e., select at a rate of 1 or 2 
bits per second), which la adequate for 
some purposes, thour^i not truly 
competitive with te. ng or expert 
typing (up to 20 anc O, respectively, 
bits per second in ' * ons in Which 

the pace is not IlTi. ■ « <. ..i uy Judgmental 
processes). 

In computer-aided teaching, the 
restriction to a small ensemble of 
multiple- choice responses sometimes 
precludes truly convenient, natural 
communication, and it leads into 
controversy with those who think that 
the "cons true ted response" methods are 
Inherently superior. In our work thus 
far, it appears that the difference in 
effectiveness between cons true ted- 
responae and multiple- choice procedures 
la small compared with the difference 
between a convenient, fast response 
mode and an inconvenient, slow one. 
Convenience and speed influence markedly 
the student's enjoyment of his inter- 
action with the computer and the lessantu 
The moot ; Important sub-goal, we belle»% t 
is to maximize the amount of enjoyment, 
satisfaction, and reinforcement the 
student derives from the . interaction* 

And good student-teacher communication, 
appears to be absolutely essential to 
that maximization. :: \ 

good won-computer oommuriicatlon is 
important,;- also, in systems In which 
the computer serves to facilitate . 
learning without; taking the ^initiative 
characteristic of most human teachers. 

We are working on a .system,: graph - 
Equation,^ the ; aim of i which is to '• - t 
facilitate - a student ! s exploration off 
tl e relations between' the symbolic rand 
fr.aphical forms of mathematical < ■ 
cquatl ons . . ■ v " rY* 

■ f; .-i\. 

Hie program displays, for example, 
the graph of a parabola (see Fig.- 2 J , 
and below the graph; it displays the 
'e<guatioii; .. .> -y- r ‘ v. ■ 



y = a(x-b) 2 + c . (1) 

Associated with each of the parameters, 
a, b, and c» is a potentiometer that 
controls tTTe value of the parameter. 

The student can vary the parameter 
values at will and see, directly and 
immediately, the correspondence between 
the configuration of those values and 
the shape of the parabola. We are in 
the process of substituting, for the 
potentiometers, "light scales" with 
pointers operated by the light pen and 
of displaying numerical coefficients 
instead of letter parameters on the 
oscilloscope. Even in the present crude 
form, however, the system is an 
effective aid. It presents the linkage 
between the symbolic and the graphical 
representation in a dynamic way. It 
lets the- student explore many more 
configurations than he could explore if 
he had to plot graphs on paper. And 
it lets him see "answers" while he is 
still thinking about "questions" — 
something we think may be very important 
in learning. 

We plan, of course, to have the 
graph Equation system operate 
dynami cal ly in the other direction, 
also. The student will draw a rough 
parabola. The computer will fit an 
accurate parabola to the rough one and 
display the accurate one. At the same 
time, the computer will calculate and 
display the coefficients. The 
^completed system, we hope, will provide 
^the student with a flexible, responsive 
study tool. It will not have much 
Eiractlcai value as long as It Is re- 
actidoted to parabolas, of course, but 
should be possible, with a faster 
machine, to handle Fourier transforms, 
.convolution integrals,' and the like. 

Often the! student: must manipulate 
csfcaracters of text with reference to 
^dctorlal; or graphical i Information. We 
iteave been able to handle some of these 
"finnotlons but still: lack an Integrated 
roafa tern for communication of interrelated 
symbolic and? pictorial information be- 
tween' the? student: and . the computer. •- • - 



The work on .computer-aided - teaching 
and learning is supported by the United 
States : Air Foro ei under Contract No . 
AF33(6l6)-8l52 and is monitored. by the 
Training .Psychology Branch, Behavioral 
Soience s Division, Aerospace Medical • 
Research Laboratory, - Aeronautical. 
Systems Division, Air Force rSys terns 
Command. 



Computer-Aided Planning and Design 



In starting to explore the field of 
computer-aided planning and design of 
systems, we have focused on hospitals. 
Hospitals pose very Interesting and 
difficult — and we believe to a large 
extent typical — system problems be- 
cause the relative Importance of the 
various planning factors varies from one 
local context to another, because so 
many kinds of Interest and experience 
are relevant and eager to make them- 
selves felt, and because tangibles and 
Intangibles are so Intimately Inter- 
related. One of the main alms In setting 
up a computer system to facilitate 
hospital planning is therefore to 
provide a means through which general 
guide lines and local constraints can 
interact. Another is to permit several 
persons with various backgrounds and 
interests to look at tentative planB 
from their own differing points of view 
and to manipulate and transform the plans 
during the course of their discussion. 

A third (since the intangible factors 
must ultimately be converted into 
tangible, physical form) is to give the 
planners a way of sketching out their 
suggestions and then relating -them, 
quickly and conveniently, to all the 
other considerations that have been 
introduced. 

Coplanneij a computer-oriented plan- 
ning syBtem with which we have been 
working, is essentially: 

1. The PDP-1 computer with type- 
writer, oscilloscope, light gun, and 
magnetic-tape unit. 

2 . An ensemble of empirical data 
describing the commerce (communication 
of information, transportation of ob- 
jects, and movement of personnel) that 
goes on in typical ‘ hospitals . 

3. An ensemble of. programs for 
accepting, storing, retrieving, proces- 
sing and displaying information. 

In our worko thus far with Coplanner, 
we have experimented with hypothetical 
hospital situations, using two or three 
members of our own group and an outside 
expert or two as the planning team. In 
preparation for a team planning 'session, 
we load into core the programs most 
likely to be wanted first and make ready 
the tapes containing the rest of the 
programs, the ensemble of empirical data, 
and the material generated in previous ' 
planning sessions. 



The members of the planning team 
then sit before the oscilloscope. They 
start to discuss, for example, a hospital 
that is expanding itB plant and must 
relocate and enlarge its X-Ray Depart- 
ment. They come to the question: Where 

should the X-Ray Department be located, 
relative to the other departments and 
facilities, in order to minimize the 
cost of its interdepartmental commerce? 

■ One of the members of the team re- 

trieves, through the computer, a record 
of previous analyses that provides data 
on the major components of X-Ray commerce 

a. transport of patients, 

b. trips by doctors and internes 

1;o supervise x*ray examinations, to study 
x-ray films, and to consult with 
personnel of the X-Ray Department, 

c . communication not involving 
movement of personnel, and 

d. routine personnel activities 
such as entering or leaving duty stations 
and taking meals and breaks. 

In response to typewriter commands, 
the computer then prepares and displays 
several graphB to summarize the quanti- 
tative commerce data. The graphs are 
mainly distribution graphs and histo- 
grams. Since they refer to hospitals of 
the same type and size, but not to 
precisely the one being planned, intui- 
tive Judgment suggests modifications to 
take into account various features of 
the local context. Meirfbers of the team 
make the adjustments in the process of 
discussion. All they have to do to in- 
. crease the height of a bar in a histo- 
gram is to touch the top of the bar with 
the light pen and lift it to the desired 
level. Usually there will be discussion 
of the change and several successive 
adjustments of the graph. If the graph 
is a frequency histogram, raising one 
bar automatically lowers the others. 
Efforts have been made to create a 
favorable context for exercise of the 
planners 1 intuitive Judgment. Provision 
is made for labeling, ' filing, and later 
processing alternative quantitative 
summaries if the planners do not agree 
fully on a single summary. 

Figure 3 Bhows two graphs of the 
type developed in this phase of the 
planning discus si on. 

The planners of course have several 
different ideas concerning the new layout 
of the hospital. -To make these ideas 
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concrete, they display prepared floor 
plans — a separate plan for each floor 
of each version — or sketch them 
directly on the screen of the oscillo- 
scope, using the light pen as a stylus. 
Sketching Is facilitated by the computer, 
which posts a background outline plan 
having the proper dimensions and showing 
existing structures that cannot readily 
be altered. In Its "straight-line* mode, 
the computer plots straight lines even 
if the sketcher*s lines are wavy. In Its 
" pref erentlally-parallel-to-axes" mode, 
the computer plots lines precisely 
parallel to the x axis If the sketcher 
makes them approximately so, etc. On 
their sketches, which they can readily 
file away and recall for revision, the 
planners label the various departments 
and the stairs, elevators, dumbwaiters, 
eto. Each label, typed on the typewriter, 
appears at the top of the oscilloscope 
screen, and then is adjusted to desired 
size, trapped by the light pen, moved to 
its proper location on the plan, and 
dropped there. Each label serves as a 
storage and retrieval tag for the sketch 
to which it is attached. The plan can 
therefore be made up In small parts and 
displayed as a whole. Within a few 
months, the program will be capable of 
filing and retrieving assemblies by name. 

Having tentatively worked out their 
ideas about X-Ray commerce and sketched 
several physical arrangements, the 
planners now turn to the problem of 
evaluation. First, they select one of 
the commerce-distribution hypotheses and 
one of the physical layouts for exami- 
nation and designate them as Input data 
to a fast- time simulation program that 
converts the commerce pattern from a set 
of statistical distributions to a 
sequence of Individual trips and calls.’ 
Then they apply a program that : finds the. 
best routes for the trips and calls and 
computes expected durations and costs. 

In calculating cost,' the amounts of time 
spent by various categories of personnel 
are weighted appropriately. The weighting 
function can, of course, be dlBOussed 
and varied by the planning team. The 
calculated cost provides an evaluative 
measure for the selected layout under 
the selected comnerce hypothesis. 
Aatually, several different evaluative 
formulas are ordinarily used. The cor- 
responding cost figures are saved for 
later use;. ; ' 1 1 ; ■ ... ‘ 

The evaluative procedure is then 
applied to other comblnatlohs of layout 
and commerce hypothesis; When all the 
combinations have been treated, ; the 
planners recall the cost figures and 
compare them. On the basis of this 



comparison, they usually discard all but 
the best two or three schemes. They 
modify the best ones. Introduce new con- 
siderations developed as a result of the 
study, and make further simulation and 
evaluation runs. 

Figure 5 shows an output- display 
prepared by the evaluation program. 



If the planners are Inclined to go 
Into detail in certain areas. Coplanner 
is prepared to assist them. An e leva tor - 
simulation routine, for example, provides 
a dynamic display of elevator operation 
under the .loads specified by a selected 
commerce— distribution hypothesis and a 
determination of best routes. Direct 
dynamic simulation has important roles 
to play in work of this kind because it 
appeals tc\ ncn-mathematlcal planners 
more directly than does queuing- theory 
analysis performed with the aid only of 
symbolic assumptions and equations. 
Sometimes dynamic simulation Is a sub- 
stitute for the abstract theory; some- 
times it is an introduction to the 
abstract theory; sometimes it is a check 
upon the abstract theory. 

In the preceding discussion, one 
small facet of the hospital planning 
problem was used to illustrate the ap- 
proach we are advocating. We have 
developed a fairly powerful system to 
facilitate planning in the area dis- 
cussed and in related areas. In other 
areas, the system is only starting to 
develop. The computer parts of the 
system are not Intended, we should 
emphasize, to calculate optimal plans or 
designs; they are intended to provide 
memory, manipulative, computing, and 
display functions in such a way that 
they can be Integrated with the more 
intuitive functions supplied by the 
human parts of the system. 

Visualizing the Operation of 
Computer Programs 

The covertness of the operation of 
the programs of electronic computers 
makes it difficult for us to develop of 
them the same direct, perceptual kind 
of comprehension that most of us have 
of familiar mechanisms, the moving parts 
of which we can see and touch. The 
great speed with which the programs run 

Coplanner was developed under USPHS 
Project W- 59, Collaborative Research in 
Hospital Planning. J.J. Souter, A;I.A., 
and M.B. Brown, M.D., past and present * 
Frojeot Directors, and J.I. Elkind and 
W.E. Fletcher participated in the 
formulation of .the system. 
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adds to the difficulty, of course, but 
we are in the habit of solving the speed 
problem — for example, through "slow 
motion." Unless a window or a piastio 
model will provide solution, however, we 
are in the habit of letting the problem 
of covertness go unsolved. We tend to 
be satisfied with extremely indirect 
procedures for interrogation and for 
drawing inferences. In the case of the 
human brain, for example, a neuro- 
physiologist may try to construct a 
model of an internal process on the basis 
of waveforms recorded from 10 or 100 of 
the million or billion neurons involved, 
plus microscopic inspection of several 
slices of the tissue prepared in such a 
way as to render visible one or another 
feature of its architecture . Our ap- 
proach to computers is comparables When 
trouble arises and the results do not 
turn out as we expect them to, we may 
try to figure out what is going on by 
examining with the aid of a typewriter 
control program the contents of supposed- 
ly critical registers, one register at 
a time, even though we cannot hope to 
look at more than a hundred of the 
thousands or tens of thousands of 
registers Involved. Alternatively, we 
may ask for a printout of the contents 
of many registers at some particular 
point in the running of the program, 
hoping to reconstruct the dynamic pattern 
of events from the static view provided 
by the printout. ; 

Considering the problem posed by 
covertness leads , one to think about the 
procedure, introspection, used as the 
basic experimental tool in such early 
psychological laboratories as Wundt* s 
and Tltchener * s, L and. still widely em- 
ployed in the development, if not in the 
formal ■ testing, of psychological 
hypotheses. - Human introspection is a 
useful procedure despite : its severe 
shortcomings . How much more useful it 
would be if those shortcomings were 
overcome —if all the processes of the 
brain were accessible to ; the ' reporting 
mechanism; if the reporting mechanism 
could describe all the aspects of those 
processes; if, the reports ife re detailed 
and accurate;: if introspecting did not 
interfere with -.the process under, 

examination;* o ■ "vo ; 

That thought . leads immediately to 
the idea of a computer i analogy ; to, s or 
improvement upon; human introspection. 
Clearly, 'computer introspection can be 
freed of 'all the: shortcomings mentioned, 
except the last, and the last one can be 
turned to advantage. Displaying its own 
Internal processes -will -of 1 course Inter- 



fere with the computer's execution of Its 
substantive programs, but only by 
appropriating memory spaoe and time. 

Often, there Is memory space to spare, 
and programs normally run too fast for 
the operator to follow them perceptually. 
The conclusion, therefore. Is that It 
might be Interesting to experiment with 
programs that display various aspects of 
the internal operation of the running 
computer. 

Two such programs, written for the 
PDP-1 computer, are Program Graph and 
Memory Course. Program Graph was written 
with the hope that It. -would facilitate 
the introduction to computer programming 
and provide displays through which 
certain individual or "personality" 
characteristics of programming style may 
be seen. Memory Course was intended 
mainly for use in "debugging" computer 
programs. Both programs make use of a 
trace routine that executes the in- 
structions of the object program in 
normal, running sequence and, after each 
execution, (a) records in core registers 
the contents of the accumulator, input- 
output register, and program counter, 

(b) does some incidental bookkeeping, 
and (c) turns control over to the dis- 
play routines. OTie display routines 
develop graphs of types to be Illustrated. 

TOie graphs displayed by Program 
Graph are illustrated in Pig. e>. in 
Pig. 6 a, as each instruction .oP the 
object program is executed, its location 
is plotted as ordinate, and the cumulative 
number of executions is plotted as 
abscissa. , (Roughly speaking, therefore, 
the graph represents active memory 
location versus time.) Both the ordinate 
and the abscissa scales run from 0 to 
1777 (octal). < The interpretation of the 
graph is quite direct; straight-line 
parts of the graph represent straight- 
line parts of the (program; Jumps repre- 
sent Jumps or subroutine calls; ser- 
rations represent loops. The subroutine 
structure is revealed clearly. If the 
operat 0 ^ knows • the. general; course the 
program should follow, he can detect and 
locate gross faults readily. 

Figures 6B-6D show, for the same 
object. program, the contents of the 
accumulator as a function of time,. The 
abscissa scale again runs from 0 to 1777. 
In Pig. 6B, the ordinate scale covers 
the range from -2*7 to 2*7 ; in Pig. 6 C, 

It runs from \ T 2*3- io 2 13 ; and In Pig. 

6d, It runs .from -27 to 27. Evidently, 
the accumulator is heavily engaged In 
computations Involving small numbers. . 
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Figures 6B-6G show, for the Input- 
output register, what Figs. 6B-6D showed 
for the accumulator. 

Figure 6H displays the Instruction 
codes. Each Instruction cede Is a two- 
digit octal number. The ordinate scale 
extends from 02 ( and ) to 76 ( operate, 
which Is an augmented Instruction, tne 
augmentation not shown) . The most 
heavily used Instructions are 20 ( load 
accumulator with contents of) and 24 
( deposit contents of accurnuTator Into ) . 

Figure 61 displays the memory refer- 
ences and the augmentations. Both are 
shown here; either claBS may be * 

suppressed. 

In Pig. 6J, all the graphs of Figs, 
6A-6I are displayed simultaneously. Be- 
cause the points are shape-coded. It Is 
possible, though difficult, to recon- 
struct in detail the sequential pattern * 
of a program from graphs of this fcype- 
They might therefore find application 
In historical documentation of very 
critical computations, such aB those 
concerned with rocket launching and air 
defense. In any event, the composite 
representation conveys an impression of 
the great capability computer* s have to 
introspect upon their internal processes 
and report about them in detail. \ ' 

As we. leave this topic, we should 
perhaps mention the phenomenon that 
appears, when Program Grajjh. is. equipped 
for recursive operation and set to 
display its own operation. The result, 

of course, ” is ' only a 1 recursion’ of 

beginnings, terminated by overflowing 
of the pushdown lint . h This effect is 
not entirely if ore ign to human intro- *.(■} 
spec ti!on» V'si?. ; i: v;* " '[■ 

: The routine. Memory Course , plotB 
a grid- like map or memory eind display b, 
against the: background? of the "grid, the t 
course through memory taken by y the ?ob-\ :• 
Jebt program; iM The dots’ of A the 7 grid' > 
represent memory registers, and;, the dot- >. 
that represents: the: regia ter 'containing 
the instruction 1 presently being executed: 
is - encircled . -AB-control' passes f rom 
one instruction?' to -another; of;- the object, 
program; £ av liie ia^ drawn voonnec t ing y the jKf 
corresponding « registers . - ; The - effect’ is 
hard? to'illlu s trate^inf. a*s ti Hi? photograph 
because i ts^Bf fee tiveneso depends j largely 
upon the kinetic character >of7theU display. 
However, Fig. 7 may convey an approxi- 
mate inipressionisf Because: the photograph 
integrates^ over time ; ^ its shows ? a : longer 
s egmerit of the program * a - course > through 
memory than one sees when he views the 
oscilloscope directly. 



Program Graph and Memory Course 
are but two of many possible schemes for 
displaying the internal processes of the 
computer. We are working on others that 
combine graphical presentation with 
symbolic presentation. Symbolic presen- 
tation Is widely used, of course, in. 
"debugging" routines. If many symbols 
are displayed, however, it is not 
possible to proceed through the program 
rapidly enough to find errors in 
reasonable time. By combining graphical 
with symbolic presentation, and putting 
the mode of combination under the 
operator* b control via light pen, we 
hope to achieve both good speed and goo£ 
discrimination of detailed information. 

Problems to be Solved In 

Man- Computer Communication 

Among the problems toward which man- 
computer symbiosis is aimed -- problems 
that men and computers should attack in 
partnership — are some of great intel- 
lectual depth and intrinsic difficulty. 

The main problems that must be solved to 
bring man-computer symbiosis into being, 
however, appear not to be of that kind. 
They are. not: easy, but their ■ difficulty 
seems due more to limitations of tech-. ' 
nology than to limitations of intel- 
ligence. 

What we would like to achieve, at 
least sb a sub-goal, 1b a mechanism that- 
will couple man to computer as closely 
as man is now. coupled to man in good 
multidisciplinary scientific or engineer- 
ing teams. •• i'.i- - ■" 

For a psychologist to. telephone a 
mathematician and aBk him, ‘’How can I 
integrate / (dx/Cl-x 2 ) )?" required, in 

one empirical' test, 105 seconds; in- 
cluding ; 65? seconds devoted to dialing 
and formalities with the mathematician* a 
secretary plus:; 32 . seconds- of preamble 
with the* mathematician. To ask the 
mathematician that: particular : question . 
is, of course, wantonly to waste his 
time 170 -seconds of it,. 1 In this, case, 
since all . he needed to . say was : Vlx>ok- it 
up , in: ary table of,; integrals, V and - all 
he did say; was: that sentence embedded In 
a context 6f encouragement and courtesy,; ■ 
(To fit#? * table of, integrals^ and then 
to ld^fe took the psychologist, 

who m-lih ^l^evant formula on his 

first? m and parted over; at the . begin- 
ning after act. 1 ;'ing 569 entries, 7 - ^ 

minutes;- and 25 seconds.) 



*jv Preliminary Btudy of these ’displays; 
of internal computer processes waB : v' • 
supported through a. contract with the 
Council on Library Resources. 



What we would like the computer to 
do for ub, In the context of the foregoing 
example, doeB not require such a deep 
Bolutlon sb an algorithm for formal 
differentiation; It requires merely good 
communication and retrieval. We would 
like to have an arrangement that would 
let the pByehologlBt write on his deBk 
Input-output Burface; 

/ - what? , (2) 

and then let the computer replace the 
"what?" — In perhapB 2 or even 20 
BecondB — by the expreBBlon: 



. k 1o s • ( 3 ) 

In the example, our aspiration 
would not stop, of course, with the 
display of expreBBlon ( 3 ) In symbolic 
form. Ihe psychologist would surely 
want elucidation. His next request 
might be "PleaBe plot a graph," or. If 
the novelty were worn off, simply 
"Graph." We Would then -like to have the 
computer dlBplay on the Input-output 
surface a figure^ such as Fig. 140 In 
Dwight * b Tables . The figure would, of 
course, be plotted from computed points, 
not retrieved from storage. It would 
be no trouble for the computer to calcu- 
late and present It In a few BecondB. 

(For the pBychbloglst to plot a rough 
graph of the Integral took 12 minutes. 

For another pqrBon to locate a 
published figure (Dwight's) took 17 
minutes: a little more than 16 to get to 
the document room and thumb through 
bookB that did not contain the figure, 
and then a little leBB than 1 to pick 
up Dwight's book and Bean as far bb 
page 29 , where the figure 1 b . ) 

Five Immediate Problems -v'- ;• - :• 

Consideration of many Buch examples 
as the foregoing and of what would have 
to be done to put the computer 1 b clerical 
power conveniently and responsively under 
the control of human' Initiative suggests 
that 'J . the main eBBential steps to man- ? . 
computer symbiosis are 'the following: ~ 

-v. /.■<;. w;i . :•/ For V th e ec onomic reason ; f : ’ v- 
mentioned in the Introduction, develop*" 
ByBtemB - or ahtr the tt ■ ? digital 
computes..- “ users on «... aplit- 
• mill 4 With J. McCarthy and 

S. :ilen, one of us 1b working on a 



small-scale prototype of such a system 
with, five user BtationB. 

2. Devise an electronic input- 
output surface on which both the operator 
and the computer can display, and through 
which they can communicate, correlated 
symbolic and pictorial information. The 
Burface Bhould have selective persistence 
plus selective eraBability; the computer 
should not have to Bpend a large part of 
its time maintaining the displays. The 
entire device Bhould be inexpensive 
enough for incorporation into a remote 
console. An Interesting approach to 

the man- to-machine part of|,thiB problem 
is being taken by Teagher. We are 
employing an oscilloscope and light pen 
to fulfill the function, but they do not 
meet the coBt and Belective-persistence 
requirements. 

3. Develop a programming system 

that will facilitate real-time contingent 
selection and Bhaping of information- 
processing procedures. The system must 
permit trial-and-error operation based 
upon "tentative computation": it will 

often be necesaary to go back to the 
beginning or to an intermediate point 
and to try a different attack. We are 
experimenting with interpretive systems 
for on-line assembly of procedures from 
sub-procedure b, ** and we are planning 
work on console compiling, intermeshed 
with testing and contingent application 
of procedures aB . they are required by 
the human components of the man-computer 
partnership. 

4. Develop systems for storage and 
retrieval of the vast quantities of 
information required to' support, simul- 
taneously at Bever&l user stations, 
creative thinking in various areas of 
investigation. For economic reasons, 
such ByBtems.muBt almost certainly be 
hierarchical, moving information from 
large-capacity, fast-access storage as 
(or Bhortly before) the information is 
needed'.- .^..To ach^e ve the deBired effective- 
ness, itVwill probably be t necessary to 
make. -advances- In < the ..direction . of.- v;- 
parallel-access, associative memory with 
preliminary ac tivation-based , upon apper- 
ceptive relevance^ -'In this area, we 
belieye,. much fundamental study of 

* The work on time-sharing ;is, supported 
by Grant. R 68568 from the National 
Institute; of Health.^ - • 

**0ne of the ByBtemB 1 b based on a type- 
writer control program. Process Control , 
written by D. Park. 
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information indexing and of memory 
organization will be necessary before 
truly satisfactory hardware can be de- 
signed, but it appears that quite a bit 
can be accomplished directly through 
development of memories — probably 
read-only memories — with very large 
capacity and moderately fast access and 
through the application of existing 
keyword or descriptor techniques. 

5. Solve the problem of human co- 
operation in the development of large 
program systems. It appears that the 
development of effective human cooper- 
ation and the development of man-computer 
symbiosis are "chicken-and-egg" problems. 

It will take unusual human teamwork to 
set up a truly workable man- computer 
partnership, and it will take man- 
computer partnerships to engender and 
facilitate the human cooperation. For 
that reason, the main tasks of the first 
time- sharing computer system with many 
remote stations may well be in the areas 
of language and procedure development. 

In the five problem areas Just 
mentioned, "to begin is everything, 
even if it is necessary at first to 
build research systems along limes that 
would be uneconomic for widespread ap- 
plication. If we neglect the arguments 
of economics and elegance we can think 
at once of ways of solving, or at least 
starting to solve, the problems, Uiese 
ways will probably be adequate “to test 
the premise that man-computer symbiosis 
will be able to achieve intellectual re- 
sults beyond the range of men alone or 
of computers programmed and operated in 
conventional ways. 

Four Long-Term Problems . 

In four other areas, the problems 
to be= ; solved appear — if they are not 
simplified beyond recognition in. the 
effort to make them tractable --"to be 
deep -and intrinsically difficulty^ The 
first of these areas is computer . 
appreciation of. natural written languages, 
in their semantic and pragmatic as well 
as in their syntactic aspects. The 
second is c ompu t er recognition 6 f .words 
spoken in context by various and un- 
selected talkers. The third . Is the 
theory of algorithms, particularly their. 

discovery and simplification..? The, fourth 
is heuristic programming. We believe ,1,^. 

that these four areas will in . the long 
term be extremely important to man- 
computer symbiosis , but that man-computer . 
partnerships of considerable ^effective- 
ness and value can be achieved without 
them. We suspect that solutions in 
these areas will be found with the aid 



of early man-computer irsymtt- '■*' ^33,, Tether 
than conversely. 

An Intermediate Probleir 

A system combining a» elrase: ‘tofci'y 
form of computer speech 

computer recognition of c^raJTit.J :. t i hand- 
printed characters, and 2 _jTT£ple ' pen 

editing techniques, would pnoorLd**, we 
think, a very convenient andi eff^**tiwe 
communication link between mmn Hrui 
computer. The problems nsxv 
creating such a system fleer be 

intermediate between the '£±~vt» .sttral: rhe 
four. They may be salved iJtn ittaa to 
permit the use of correlated vc^ns-hand 
input in the earliest "man-cOTt: rer 
partnerships, but, if the rwrursd 
solutions are not ready, is: wouiitf not be 
good to wait far them. 
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Go cad. afternoon. This will W 
your. Gerenan-English Lesson No* 4. 
If you are ready to start at 
once* uikease type "s." If yon 
would lilies to review the 
procedure, please type "p*^ 

s' 



reichen to hand* 

relchen to pass* +■ 

64 64 good 

dffnen to offer* - ta n 

to open to open* 

-120 -56 poor 

arbeiten to arbitrate* - ta 

arbeiten to look* - ta n 

to work to work* 

-184 -240 Dumbkopf t 

kochen . to cook* - ta y 

kochen to boil* + * 

0 -240 okay 

Offnen ; : to open* + 

64 1 ’ -176 hot dog 

raucheh to smoke* + 

r 64 ; .«• -112 admirable 

arbeiten : to work* * + 

64 -48 good 

kochen to boll* -K 

■■-■/w'l. 64 16 very good 

machen > : v to make* 1 

*. 64 i; • 80 Keep it up* 



•' :■ r yiiO" : •; v ‘ • ;V:. • • ■ . 

That* s it* You did well.^I^ll 
be looking forward to the next 
lesson.'- . 

• • ,• H ■ V -- ' . .• 

Pig. 1. — Typescript of. a ‘sHort^j, ’• 
illustrative lesson in which a : computer 
plays the role of instructor in language- 
vocabulary drill. The student' typed n O M 
to start the session, "s" ,tp :s tart r the 
lesson, the English words ■' (and ’-terminal;- ’ 
ing dots ) in right-hand column;" and the ' 
abbreviations of ’’yes” and n nb r, in re- „ 
sponse to the computer 1 a . !!.ta" ("Do you 
want to try again?”). The computer'' . 
typed the remainder, including scores and 
comments. The procedure is v explained in ' 
the text. ; >'=’ 

-. 3 * • -.<• . 




291 





294 






292 



i 

j 

i 




departmental '"commerce" pattern ; in a 
hypothetical hospital. The upper .graph 
show.* the anticipated time distribution 
or tltfint transport, trips to tts» X-Ray 
Derjsrnm'ent . Thu lo^wer =graph shewn the 
iroraSltti o nal distribution of those trips 
aman~ departments of origin. 
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pecf ormanc e * in rwip8c£ oC* 9^<wtHI§> 
af at. prgpO B e# toAP&'tal. plica* 33S»Xe time 
:Xs defined as: %«li»*djau.ta« (spent Ha 
.transit. The coritsrltouti'onE of ;i . 
Individuals to th233= ‘quantity ar-e weighted 
by coefficients agape lafced wlbh their 
personnel categories. 
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Pig, 6 — Photographs of croilloacoplc 
displays .tsade by program Graph. See 
text far interpretation. ~ 






295 





296 



1966 

EIGHTEENTH CONFERENCE ON SCIENCE* PHILOSOPHY AND RELIGION 
IN THEIR RELATION TO THE DEMOCRATIC WAT OF LIFE 

EDUCATION* INSTITUTIONS* AND THE FUTURE 

t Soeloteehnologlc&l * Chang e an d Education _ 

A 8ociot<*chnical Crux ^ 

v itl the Application of Computers to Education* ' 

J.C.BL. Licklider 



'• v- 



•’ ■■ 7 • ... . i • 

vHaaaachaaatta; Instituta of . Technology 



Cambridge Massachusetts 



(Xo^dlBCttflied; at lesplon on Wednesday* August 26* from 
HUCdFa.** to noon* at Tho 3«wleh Theological Seminar? of 
>Mriea r 3060 B^dwa?* ‘ Tdrk| ; 



re* •r i ; 1 7 : ; v ; - " ;• 

£;• '■ \ viTV'i-^v ■’ '• ; : i - •'- 

' *'^*i‘* •. ' ’ . ’ • /. - .: •• - . ’■ 






*xhe Ideas described in this paper arose In part iu connection with the 
research-program of Project MAC,; an M;I*T# research project sponsored 
by the Advanced Research Projects Agency, Department of Defense, under 
Of flee of Ni^val Research Contract Nour-el02(0l) • Reproduction of this 
report. In whole or > v in part* is permitted ^6r any purposes of the United 
8tat*«;a^r«^ ■./.-%& '• •» '* v * ■ '■ T 



88 $ 

~ *• & y 



297 




Introduction 



^,1 If lftnderstahd*ttie purpose of' this Conference correctly ,' it is 

; -i' '' >; .*£•'•» 1 •• • ; • - . 1 

S| >tq^ engender discus si on- -and through discussion solution, or if not solu- 
•Vtion At least an Intellectual climate within which solution is possible— 
■£*of problems that are in part technical and in part moral or ethical* I 
; .‘{think that within the broad intersection of computers and education there 

.;.‘i i< such a problem, and X think.- that it needs- discussion of the kind this 

*• . • • ' * . 

^‘Conference can give it* 

There is/ however, one difficulty* It made itself evident at the 

*-W * 

'^• preliminary meeting at which a rough, outline of this paper was examined 

■|!*by a small group. The difficulty is that the problem I hsve in mind— 

. ■ • . - • 

ft^ttie problem I propose for discussion— is a real problem only if, as I 
.... . . • . 

* 4 : believe, computers do indeed hold the potential for significant contrl- 

^ : 

•■ft but ions to education. The members of the small previewing group to which 



m ■■ 

ta?i*T 



referred were skeptical of that premise, and the preliminary meeting 



•gs?... 

Iv^jwas devoted, therefore, not to discussion of moral or ethical questions 
pertinent to realization of such a potential but to questioning what I 
supposed would be accepted as hypothesis: that, if developed properly 

f 5* for the purpose, computers can make major contributions to education. 

The simplest tactic for suppressing such questioning is to re- 
/ assert the premise more strongly* Even though I realize that tactic will 
;^;!not be effective here, I want to exercise it. X. believe a stronger state* 
H/jment is warranted: If properly developed for the purpose, the computer 



;-*H can be the instrument through which the present era of despair in educa* 
« tion is turned into a golden age* 

W/'; '’Properly developed, 1 * in the foregoing assertion, covers a large 
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Amount of ground. First, computers E>y themselves are not going to do 
much for education. People hove to shape them foe 1 the task and apply 
them to It. Second, people do not know exactly vhat to do to develop 
computers properly to contribute lm a major vay to education. People 
know that much programming and a gemeral reduction of coBte are required/ 
,but few realize that It will not atoffice merely to translate textbooks 
•into computer programs and to arraxnge for *a substantial educational disv 
‘.count.. Third, people by and large either are not acquainted with com- 
; put era at all or. are acquainted wLth a kind of computing that does not 
; ho Id much promise' for educational applications. The kind of computing 
that' does hold promise is on-line. Interactive, multiple- access computing. 
^Fourth/ on-line. Interactive, multiple -access computing Is not, however, / 
a magic key; much research, much programming , and much adjustment of. 
major Institutions will be required to bring about anything approaching 
ah' educational ^revolution. ■ 

f.' , How, against the background of those Introductory statements, let 
me restate the main question that 1 ’ propose for. discussion: 

. Given that a major research and engineering effort, carried out 
over a period of 10 to 15 years In close interaction with efforts of 
actual application In educational Institutions, could make a fundamental 
and pervasive, improvement In education, but given also that the efforts 
would Involve deep changes In several fields and Institutions, what should- 
and what cen-^our society do to ensure realization of the potential? 

' That la to say; Grant for the moment the assumption that It can 
be done, and note tliat It will not be easy and that vested Interests will 
be affected. ' Then, how should we proceed to take advantage of the promise 

i* vf. \ l. ; -.-l' , f v * <.’.y I V- ' 
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computers hold out for education? 

Such a question of course requires sharpening before It can be 
discussed fruitfully. What are the obstacles that stand In the way. of 
realizing the computer 1 s potential for Improvement of education? What 
ore the dangers? What ore the vested Interests that will tend to con- : 
travene? In the next section, I shall try to effect the required 
sharpening • 

Then,'- it* .the final - section, I shall return to the assumption that 
computers do \hbld out ;{a r truly great pr6mise» I shall not be able, within 
‘the constraints ' of this paper , . to establish the assumption thoroughly 
or even to describe the potential fully as I see it from my point of 

\ ' *•;. ' . ? ' ” l m r , 

’view.’. But I shall- do the best I can along that line, for the .preliminary 

evidence suggests that you may be unwilling to enter wholeheartedly into 

examination of the morality of social response to technological chal- 
■* : * - - * 
lenge until you believe that there is a technological challenge. 

/ Note well tha word ••challenge.' V X do not say that computer tech- 

nology is offering something gratis that . society may fail to lift its 
finger to accept. I say (a) that computer technology la challenging 

society to develop computer technology and educational methodology to- 
gether into an advanced and effective soclotechnlcal process that will 

*After making the commitment to prepare this paper I learned that Pro- 
fessor A. G.Oettlnger was writing a book on the over-all soclotechnlcal 
situation of computers in education. Oettinger’s effort, part of the 
Harvard study of Technology and Society of which Professor Mesthen^ Is 
the Director, Is a major one. In February, Gettlnger summarized his 
views at a colloquium on Education and Computers. at and In May 

the draft of his book was the focus of a two-day meeting at Harvard. 

Since making the com®! taient, therefore, X have had the benefit of ex- 
posure to Oettinger's thinking. Although my point of view and my assess- 
ment are not identical with his, I must say that this paper can be no 

mora than a placa holder for Oettinger's Hun_Computer_Run. 
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strongly promote, and support the general weal, (b) that the development 

I ‘ * . 

*®quire not only great effort but also major adjustments of certain 

. ’ 

^v. major institutions, and (c) that society— 111 prepared to assess the costc 
^:; and values, conservative in Its response to any call fbr major readjuat- 
'Vment,. and <m the vtiole poorly organised and motivated to meet the chal- 
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Obstacles and Dangers 



The. main sources of difficulty in society's response to tech- 
nological challenges, X think, are (a) that society as presently con- 
,l stituted cannot decide and set as a 'whole and (b) that the parts of 
/. society that are decision and action units are governed primarily not 
T by the value-and-cost function of the commonwealth but by individual 
’ £value-and-cost functions of their own. ("Payoff function" is too crass 
Mva term. It connotes, a deliberateness in subversion of society's proper 
rj.: interests that I do not wieh to ascribe to anyone or any organization.) 

Among the parts of society that are playing important roles 
::f more or less well in determining the course of computers in education 
are, of course, the computer industry, the education profession, the 
- gpvemment, and the many groups and individuals of the Establishment. 

To think in terms of such broad categories is almost not to think at all, 



X realize, but within the limits of this paper 1 cannot penetrate more 
deeply, for the subject explodes if one touches the stratum just below 
/the surface. 

First, tike computer industry: Industry typically operates on a 

time scale off two to six years ( 1 .eV /"seeks in each major undertaking 
; to make a profit within such a period) / whereas my estimate for the 
■ realization of the computer' s promise to education was 10 to 15 years. 

' It is’ simply M in th'e scheme of things," therefore, for industry to take 
too short a view* and to try to move too quickly from research to "ex- 
ploit at 1 oil of' 1 ies a very great danger to . .. 

the interests off the over-all society. . Premature ef forts s at exploitation 
.=■ can discredit the whole undertaking and ruin the computer's chsnce 
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to make It a major contribution. ; 

•jf 

In the case of programmed Instruction, /which had Its brief 
moment in the limelight a. few years ago, a great Idea was almost If 
not completely ruined by Industry's largely insensitive and incompetent 
efforts to turn university and government research into quick profit. 

It is obvious .that at least a large part of the computer Industry's 
present effort "to penetrate the. education ltldus try 1 ' is essentially 
premature exploitation. I doubt that it is to the long-term advantage 
of the computer Industry, and I am sure that it’ la not to the long-term 

• advantage "of. dducat ion or of society as a whole. 

' • The basic problem, as I see- It, is how to Introduce into the 

Industry's decision processes^ for use In such "market areas" as educa* 

tlon, some' of the fairly long perspective enjoyed by certain agenda* 

of government and perhaps even some of the very long perspective enj&gred 

by religious groups and a few foundations; Government subsidy is noc 

‘ the solution to this problem If ill the subsidy does Is make premature 

'exploitive •efforts financially While not educationally successful. 

■}' . profession of education: Education io a truly vast domain, 

end the profession is heavy with tradition and hierarchy a s well as 

with sheer numb ere. It Is said to be an elementary sociological principle 

that such a field tends to respond slowly to innovation of any kind. 

;JP« r haps^it Is on equally goctf principle that long resistances to change 

are -followed by quick revolutions, but I am not as touch concerned about 

jpr esent ly Vachcor teachers * : all eged def ertslve reaction to the 

♦Programmed instruct , lcm, "/.developed ; in cbtmect Ion with'' relatively simple, 

• tand- alone"t caching machines ia v of course to be distingMidhed from 
compu ter- aid«d teaching and learnings /eveb though the latter may make 
ose of instructional programs. . / 



303 



alleged threat of the computer as t am about the profession’s tardiness 



In learning viiat It ought to know about the computer. If half the 
teachers now In training were to emerge with a baste understanding of ; 
inf oration processing and with significant experience in interactive 
programming and use of computers, most of the groundwork would be pre- 
pared fo£ 'effective cooperation between 'computer people and educators 
in development of the computer’s potential* In short, it is an easy 
excuse,, but not a Valid argument for the long term, to blame reactionary 
tendencies in education upon school .teachers* The turnover among pri- ^ 

& . ‘ . * ’ ‘ - v 

mary and secondary teachers is so great that, if they had acted when the 
prospect yae first seen, the decision-makers of the profession could 
have had an adequate number of working school teachers quite ready for 
computers now- -and could be bringing the majority along in good time 1 
for any truly large-scale application* : l 

The government t The govemment-rmaihly the federal government , 
though , in the present context^ certain state governments are also in- , 
fluent! &1-- has what is for computers in education probably the essential 
combination of long perspective and massive funds 3. Of course the govern- 
ment has a short ‘p et spec t iy e , t o o , r and 1 t a ^cwtf^crsj^tii^ has 



higher priority in coumandlng the funds. - Buty* £ as do^nant aa that f ac t 
/ : i£'at the (ir^sent time In many areas -of our nati.<kC^ th ink it ! 

is not «m>W *'***? •- 



educa t i on V ' ThVctitical 'factor, in toy abpesfi^^ that the part of 

t he government with the most money to sp e nd "on computers for educational — 
*The foregoing remarks do not - apply /.with full force to college^ 
unlver si ty . adn'eatton -b^eceiise ^the turntrveV th^* ’ io/slow^- '*&&&• I 'VV 
college'; VniweWs.i ty 'tsachets foye:'lfcarn«l /ok 7 ; nre^ina^ning :iMit 3 v \ , . 
computers in connection >ith..r i eeeerch* " ~ ■' T. 






pur pose?- - the Of flee ofEducat ion- -‘seems to be supporting industry In 
premature exploitive effort? more than It Is supporting the research 
and development required to make computers effective In educational 
applications. Other agencies, such as the National Science Foundation, 

*' the Advanced Research Projects Agency, and tha Office of Naval Research, 
are avoiding that pitfall, but In the area under discussion they cannot 
i make up for the Office of Education* 

Allure of the Office of Education to supply what I would 
.f call wise 'intellectual leadership as veil as funds may be traced in 
; part to ita fear of criticism for '’controlling" education.* I chink, 
however, that the Office of Education will run more risk of criticism 

‘ i v/ • . ’ » 

by putting "operational" computers Into schools too soon than by sup- 
^ porting the research and development required to moke computers oon- 
tribute effectively to education. 

*ij}. . ; The trouble with governmental leadership in the present context, 

i,i V . . -'.v 

1C seeni5 to me, * stems not from power hunger but from the statistics of ■* 
small .samples. Although the federal government . is very large, insofar 
^jaedeciBion-making ls concerned its population is very small. In the 
{/parts of the federal government concerned directly with education there 
i i •* er ° not ■W’ real decision-makers , and in the parts concerned directly 
l- with computers and education , there are only four or flye. Xhose decislon^ 
maker 8 are. t remarkably free of superimposed guidance and constraint. They 
l are also dedicated. The result Is that governmental leadership in such 
’ " an area aB r C ha t n ow under disc ussion is essential ly per sonal leadership , 

based on thi nking thabJLs as wise as an individual -but not aa 
*1 realise that It may bony assessment that , la wrong but of course 1 
do not think it is.* ‘ 
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vise as an. infmsned and dedicated group. 

The Estsabliifihment: . In each of the three preceding sections I 
have been critical, Ibut critical not simply of the computer industry, 
the education profession, or the government* Those sectors of society 
*, seem to me to be operating reasonably or very well in relation to their 
"motivations and their goals — in relation to* their value-and-cost func- 
.:1 : ltions. Indeed 3 . having spetnt two of the ^ast aix yaare in the government 
An <j three in tfcoa computer industry, I have a basis for being- - and am-- 
if full of admiration for both. 

H\*. In the first instance, the point of my criticism was that what 

^^is good for . the computer industry In the short run will be good neither 
.?{:for it nor for the society as a liccle in the long run— i*e* , that in- 
dus try's value-and-cost function ^ not being matched well to the over- 
■gH value- an d-Cost function of society* In* the case of the education 
prof ession^my criticism was that those who determine its value structure 
are neglecting a crucial value. In the case of government, my criticism 
was that the lack of sufficient numbers of concerned and informed In- 
dividuals inside government and out . leaves decision-making too much to 
the vagaries of small -sample statistics, i.e. , to the happenstances of 
‘ who is in what critical position at. what .crucial time. All three com- 
plaints come down to one: an inadequacy of technical understanding 

within that weakly defined but strongly influential Borel set of 
organisations and individuals called "The Establishment ." I* consider 
it whbily proper to address that criticism to this- Conference because 
almost all the participants in this Conference mM*ers of The Bstab- 

... . -> /->w :;V ■- >. v--: r *!:■ ■- , ■' 

■ liSh»ent*;.o ■ •• 
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The problem is soclotechnicaH . The lack la of technical under- 
standing, not social, for the understanding on the part of The Establish- 
ment of how to guide the society— of how to get some things done and 
' how to hold others In suspense— Is flawless. If most of the opinion 
leaders of our society had in their minds clear pictures of what com- 
puters child do for education — of education "as a self-motivating, self- 
excltlng Interaction, through- computers with' responsive knowledge — it 
would take only a very short time to get the computed Industry, the 
education "prof essloa, and the government all" working together along a 
constructive course In the over-all Interest of ^society. The trouble 
is that, by and large, the right pictures are not In the right minds. 

Why are they not? The questlod might better he put: "How could 

' they be?" The* experiences' most Influential people have had with computers 
have been (1) distant and (2) with the wrong kinds of computers and com- 
puting* ! The experiences and the Images out of which a valid concept of 
computer- facilitated education can he constructed cannot yet be derived 
from any slngle source. Ocs iaust pub together an idea from Glenn Culler's 
laboratory at Santa Barbara, another from the PLAHTT System at the System 
Dsvelopment Corporatlon, another from Ivan Sutherland's computer- graphics' 
laboratory at Harvard, mother from Bdrt Sutherland 1 V'coo^teiSgraphicsi ■-*' : « 
proj act at the Lincoln Uborttory , and' so on— up Into this dozens or hun- v 
dreds* A fey m emb ers off The Establishment, real! Singt hat computers re- 
present e revolutionary hew factor in iafpimtikui'liid Intellectual * 
life, hevecollcrcted' such experienceeand therebybullt up In themselves 
'the ability terse* '"fhe^iMiw ;ptospects ''knd' to' ev^uate themV But such S ‘ 1 
people are far too few* The' vase majority base their judgment son the 
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experiences thee have btCillsft them tether then upon experiences sought 
out In systematic invmetlgacioa- -or upon what they heve reed In secondary 
or even In. popular soorcu** or upon what they knot exist be true about 
computers from, their more general knowledge of machines*. X submit the 
foregoing for discussion as a rough scale of (Increasing) social im- 
morality* t\ 

The foregoing may sound unduly savers* One might ask, "What 
can be so wrong with methods or procedures that have been used for so 
many years* that have provided the bases for the decisions that have 
brought us where we areT" Resisting with difficulty the profound but 
facetious fce Joinder, "1 would' call his attention . to the "doubling time" 
of the' computer 1 e advance: Populatlonejdouble in 20 to 50 years* Gross 

‘national products' double in 10 to 30 years. But the basic measures of ; 
computer technology— else of the largest memory, speed of the fastest 
processor, number of computers In operation, amount of Information pro- 
cessing achievable -per unit cost — double im two years or less. Doubling 
In two years awstos Increasing thirty- fold in 10 years, a thousand- fold 
In 20 " years* One dust scale his thinking, to such a rate of change. He 
oust - replsr^sh- 'and : r*^rganise~ the 'base* of Ideae' and' Imagery upon which 
hie thinking stands* The old methods and procedures are too alow to 
keep him abreast of the rapidly advancing computer* 

Our basic problem, then, ie' how to develop an adequate basis In 

axperlenoe' and in Imagery for eoclotschnical decision making* T^ie moral 

.* - 1 i jv.- f: V': ■ i W < ■ 

aspect of the problem coocema tha rssponslbllity of leaders to equips 

u ir^ 'A ,«■: v y-'-x 'yyii. i* .$i l-: 4 jM- <J rJ: 

thenaelvee with the technical knowledge required. The matter , la of 

.« . . t' t \ iS ;- 1 $ *C* ' \ / • ■ > A* i : .*«.• f /-V - V’ v ■- 

crucial importance for the future of education In our society* 

‘/lyj ■* ii'.l, . Ji- , * i : ‘ *; 5t 4 &‘ S- : . /3 V '.y~ : ’ ■* j? *' i'*'-'} \ . V. 
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The Potential of the Computer In Education 

As you may have noted, my argument la both self-supporting and 
self-defeating. It asserts that those who Influence soclotechnlcal 
decisions and actions should keep themselves technically aware and In- 
. formed- It holds that, in the field of computers, technology is moving 
so fast that the old way a of keeping up do not suffice. It complains 
:■? that The Establishment Is not keeping up- It recognizes you as members 
;*y of The Establishment- And it concedes that you will not take my argument 
seriously if you do not perceive the great potential for computers in 
'•education* With my argument in that plight, I can fall no farther. I 
shall therefore undertake In a very limited way to do what I am sure 
cannot be done: to convince you with words that the conqmt.er^&ari, If 

properly developed, be the instrument . of . a great revitalization of education. 
TT If you ’are already convinced, please help me. In the discussion, 

to convince others. If you remain unconvinced through the remainder of 
.''.this paper, please seek out some personal experiences In man- computer 
Interaction. 

v 1. Interact Ion with a computer can be highly motivating : Pro- 

• groaning In interaction with, a computer is challenging; it engages one's 
Intellectual capabilities; It provides quick feedback; It is easy enough 
to ensure early success, and yet It- Is 'so broad and so deep that no one 
< can explore more than a fraction of Its territory. For me, interactive 
‘ programming Is absorbing,, compelling, frustrating, and rewarding — so much 
more rewarding than frustrating that I have gptten up at three AM.ln the 
V'dark of winter to work at the computer- -with eagerness and Joy; Indeed, 

I have worked all night afc the computer more times than a non- inter act or 
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would believe. It is not just a personal Idiosyncrasy. In the last 
-..’letter from my son, who has a summer job that Involves Interactive 
computing, the last full paragraph read: 

Good morning ... I spent the whole night at It, and wovle 
rovle do I ever have a beautiful program— complete with six 
pages of documentation. Including a guided tour de luxe demon- 
* stratlon of the whole thing. Really snazey, but only a begin- 

r nlng. X wish somebody would come so I could show It off. 

Nor Is It a family peculiarity. Interactive programming captures and 
energises the minds and spirits of many . students not reached by other 
intellectual activities. Sometimes it Is too motivating, too attractive; 
the "computer bum" is not interested in or willing to do anything else. 

2. A computer IS not necessarily cold and impersonal : Joseph 

WelsenbaumVs program, Slice (Doolittle), mediates typewritten interaction 
■. between a person and a computer in fairly .natural English. The person 
A types, \diat ever* comes, to mind, the computer responds, then the person 

^responds; and so on..- : In experiments, many of the subjects who were 

P'j - . \ \ : . - ’ . \ - 

not told they. were .conversing .with a computer assumed that tharevas a 
£ person at the other .end of the -line, and some, when told, would not bfe-. 
H?li«ve that it* was s computer . i: It, Is obviously possible to make computers 
more polite, more pleasant arid more responsive than most people— and. 

% although not obviously, it ,1s . surely possible to make computers more 

interesting, .v:: ; i ... i.-.'.i '• X .- -'.‘•w ■ ■ •• ••• "• 

3. Knowledge can be stored in computer programs in such a way 
foat people can interact wit h it readily: Joel Hoses., 1 program, SIN 

(Symbolic XNt egret ion) , 'c ah solve ashy problems in Integration In 
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approximately a mathematician solves thetf* : * n°t ^ calculatl*^ 

a numarlcal aoj^^^ by manipulating the in a^rch of a 

simpler form, b A * incorporated aaich human ®hd h Q ok Knowledge 

of integration Si#* and ncrv he and several r°licagae s ere inco<' 

porating SIN in#h # of programs, a computerised jaathematical 

laboratory, th e parson at tha console ^t6 e tha computer 

whenever the la^t^# Kr® trouble-- lets the person ®Uggest a tactic 
(Integrate by nr Substitute ^ for 2 $) ^hen has the compete* 

carry it out, # Program demonstrated by Edward yrea^iti, the computer 
made the sugges^l^#®* >fcea the student had tr©uP*V® oiling ® Pr obi 
the computer * pertinent theorem. 1 :} '** ' * 

:T * 4, " _rn^ flther with cdmtmter; pr og < ^ Const itute the 

most powerful subtle xnedlinn f o^r the ration of 

Going beyond tfr a assertion,' one c’ah aaf that the computer 

medium lb excellence for representation ®*ld expression o* 

ideas, ' If you ^ttb write ’ioEnglish sM h^e Mint you writ* \ ; 

;■ displayed to ‘ #hu ccwputer medium yill’ a trivially and at " 

'present expansion's#® ^ substituted for r print <#* Theodore 

has developed r^V ep t 1 of M bTPer text ; «• in whi th ^he author write^ *# 

several * levels - and Vophis tication and rh^ cncfliPUtar then 

•* to each reader ; ° f What ! was' .written tbA’^15 nieeta- his "• 

and matches hi# ->-&he cbmputerymedi*' 41 ** intlou e s, 'of eou^^/ 1 

■the large ao ao# #£ formal languages used in bfc<?&*a«fciog and tb* ***** 

1 arger' f iw#qrte^^ with progrb#* ^< ; include# faClli le® 

for consttucti#® #*uipulatlns models 'of almost t® d variety e# d 

•cocsplexitry, t ovisual alphanomerics^ud graphics* ' it 1® Vk . ••: > 
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capable of communicating through auditory* tactile, and In principle 
any other stimuli. Most Important, the medium Is dynamic (kinematic) 
and also Interactive.. 

5 . The computer can retrieve information selectively while the 
student Is studying : The function of information retrieval can be in- 

tegrated 'into the study process. For example, the program, symbiont, 
vhich Daniel Bobrov, Bertram Raphael^ Richard Kain, a,,nd X demonstrated 
several years ago, scanned text for segments dealing with topics specified 
by the student and displayed them for him to examine. Robert F. Simmons 
' program, f S^th ex , ;ho t only finds textual material pertinent to a question 
■but extract s it and puts it together to make an answer. Symbiont oper- 
(a t ed upon a small 'collection of Journal' articles, Synthex upon a abort 
book. Xt is just a matter of time, money, and human intellectual effort, 
'however, to combine text -processing with document -retrieval techniques 
and thereby make collections of significant size— eventually even libraries 
and the entire' store of knowledge-ravallable through Interactive scanners 
or quest ibn-ehswerlng systems. “t* : : " !J '; * 




*Tha student specified the topics by constructing short lists of key 
w ariz nkghtf ask the computet to diEplay each 30-word >. 

of text eh££ included at least one member of each of at least 
of these three lists: binaural, interaural, dlchetlfc-V'-'diotic;? ; :•* 

phase V time relatlon(s) , timing; localization, lateralization, direc- 
t tori, ’auditory apace . /IThe coetput er^vould then quickly display the 
first such segment it encountered in scanning the stored text. (The 
student 1 could .then modify hts ^retrieval specification;.) When the student 
pressed a key, the computer would flean oa and quickly display the next 
segment that met the prescr Ip t ion ' Bymhldnt ; included other facilities a. 
for eutoouited noteteklhgr coa^aring^ graphs, end so on. 
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6. The computer makes it possible to work efficiently at 
progressively Increasing levels of complexity and abstraction . Once a pro- 
cedure has been developed/ It can he applied to any appropriate set of 
data by simply juxtaposing the name of the procedure and the name(s) of 
the data* And correspondingly for the data, ooce he has sufficiently 
understood them, one no longer has to deal with each one of tharfi Individually; 

■ 11 H ' | »1 ft 

' he refers to them by name, and the computer does the rest. Moreover, one 
/can build up complex procedures out of simple ones by concatenating their 
i names, and then name the concatenation, .and one can build up complex data 

f : : . 

A sets out of simple ones In an approximately similar way. These are standard 
^techniques, demonstrable In any advanced computer laboratory; they are to 

l be seen In especially clear relief In the work of John McCarthy and others 

; . V* ; 

within the context of the programming language, LISP; In the computer- . . . 

.based mathematical laboratory (mentioned earlier) of Martin, Engelman, and 
'Hosea; in the simulation system, OPS * developed by Martin Gfreenberger , 

Malcolm M. Jones, James H. Morris, Jr., and David N. Mess; and In the 
.Reckoner ays tem under development by Douwe Yntema and his colleagues at 

' the Lincoln Laboratory. These techniques make It possible for ooe to put 

already-mastered parts of a problem out of the focus of his’ attention 
while worKiftg: on,, as- yet f , unmastered pirti’ -- without having to worry about 
remembering ' or remastering the side** tracked details when It comes time to 
■ attempt an.- Integration., ‘-Vi/ - - 

7 . Computer-program systems permit recursive definition and use 

j. of procedures ; A conceptually subtle and practically important facet of 
the node of organisation juat described is recursive definition. Host 
/advanced programming systems permit a procedure to "call" itself — Lj » » 
i to involve Its el fin Its own ‘definition. An example from LOGO, Wallace 




Feurzelg's seventh-grade version of LISP, illustrates recursive definition 
'neatly. The program reverses the sequence of the letters in a “stringer 
turning PIN, for instance, into NIP. In the following LOGO program, 

*" REVERSE is the. name of the procedure being defined. The definition makes 
use of REVERSE. ANYTHING ia any sequence of letters. FIRST OF ANYTHING 
?£ ‘is the first letter of ANYTHING, e.g . , the P of PIN. BUT FIRST is th<> 

■B "remainder, e.g. , the IN. RETURN means. # to produce as the result. WORD is 
I'Sthe name of an already -defined (programmed) procedure that conca tastes 
3: ‘two- atringaV; e:g . - : j WORD OF "N" AND "IP" IS "niB'fr The definition (program) 
REVERSES " ’&?• ■’ ■ . * ' 

'' f ‘ C' TO REVERSE ANYTHING 

: - ^ : IF FIRST OF ANYTHING IS ANYTHING RETURN ANYTHING 

ft ; • . ’OTHERWISE RETURN WORD OF REVERSE OF BUT FIRST OF 

:ji£ . " ' ANYTHING AND FIRST OF ANYTHING 

Recursion can have a proftound .effect upon cone’s mode of thinking. 

\/ g # Computers can keep track of each person's records . For the 

f\~- individual, this maans that his personal files can be kept in the computer 
‘ ■ memory, where they are not only readily Accessible but, what is much more 

* important, process ible by the computer. (People almost never need merely 

; K. .. ' . . ’ • *V 

ji to read material re tr iev^^from filea; they alm^fc always need to process 
it or iMtye it* processed.) For the computer as an educational toolj having 
Uy each person's records in its memory means that the computer can adjust the 
fe! level and style of 'its interactions to the capabilities and preferences of 
. each individual; Use of the computer; as a personal filing system is 
illustrated profusely within Project HAG at H.I*T. — for example, in 
several professors' Use of M. H. Kessler's TIP (Technical Information 
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Program) and the ADKINS data management system developed by McIntosh ,, 
Grlffel, and Pool. YJse of the computer to keep track of students' per- 
formance and to adjust Its Interactions accordingly la now widespread. 

It is cleanly illustrated in computer-based- teaching programs et tho 
System Development Corporation. ■■ 

9 . A wide variety of educational and Informations! services can 
be integrated into one craputer system ; Integration is crucially 
important. Modeling, problem-solving, information retrieval, drill, 
record— keeping, programming, and all the other Individual functions are 
mutually supporting Instruments of an; ensemble. For demons tr at Iona 1 . 
purposes* it is not lad to bring them out one at a time and play solos, 
but that is not a good way ts* organise them' in support of education. To 
the beat of my knowledge , there is at present no comprehensive integration 
'of the components or subsystems that promise to contribute significantly 
to education. ..The closet approach, I think*, is at the System Development 
•Corporation. At M.I.T. aa well as SDC, and* also under rapid development 
at other places, are interactive multi-access computer systems that 
incorporate diverse informational services , 1 but all are-oriented more 
toward research, development* or. other applications, then to education 
per ae . ... . ’ ■ * 

10 i Computers are for cos *™*" ica t ion as _well__as for Individua l worka 
A I thoughthe communication aspect of computers is not yet well developed, 
one can project from present multi-access systems surely enough to assert 
that computers will be Just as essential to.. ccnmunicat ion of ideas as to 

their representation. In the Compatible Time-Sha ring System at H.I.T. , 

y .v . '■ f V t/vi’i-. r^l' *1? 'M.V '.--a V : . 

you. receive .the message' -of the day when you 1 log in, and you are told 

whether or not you; have 'Wtll 9 * in your "siilbojcjf When you create files. 
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you tell the system (by individual name or category) who else, if anyone, 
may use them. There ai?e several kfrisds of use — "read only^T "read and 
write" ( l.a . , modify), "execute only^jf and bo on — and you specify which 
kinds are involved in each parmis&ic^* When you write a program, you 
save yourself tine and trouble by using parts already prepared and tested 
by your colleagues: you gat permission, and you "link" to the subroutine 

in their files; Of course, their subroutines make use of subordinate, 
parts prepared by others. You may even find yourself borrowing a sub- 
routine that Includes ( l.e. , links back to) one or' two of your sub- 
subroutines. Approkimately the same kind of interdependency develops in 
seme areas in the domain of data. Thus , a«v interdependence among users 
of tt^e a&ltl-afecf&M* system arises* At present, e typical user has in 
force atj ; a giv^n time about as many links tb other people's files as he 
has f^le* of his own. The ratio of links tb files is increasing. Linking 
supports conmuplcatlon; linking also engenders communication, people 

discover that they are working along Bimiler lines, and joint projects 

’ ‘ ' ‘-'V h ■■ - ■'*"*, * i. - -! ' -■■■'■ P ■ A ;• \ -Xi- •: * 

develop.. The computer facilitates teamwork. Some of my colleagues 

believe that effective teamwork in executing complex informational tasks 

: . ■** i * *:'*. • M •? :v ** r. X] l \X~XA\ : i ■ * \ 

is possible only, through a multi- access computer system. One can see 

that the computer can facilitate experimentation on teamwork and in due - 

*’ Xy i V.:,' rfc TdtiZ % a xr , a 

course education in teamwork. One can go on from there, if he is N 

: • . “ :>«*$. . M P.\ £&' *\r. .. xc ;?*•; *- 

idealistically! Inclined, to cooperation within larger groups and 

* ' ' . P '*■?. _ ^ r sr^.f A r? ;' a: 

ultimately to altruism* 



” ul,: 1 “ aec f u> " co^u^r iLw ll Lb e th. foci of 






bf tha future — an "on-line intellectual cooaunlty" of members supported 
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, and interconnected by • Urga multi- access computer and lea ayatam of 
storage units, satellites, eng consoles.* .Within such a ccasmmlty, adu- 
oatlon wilt ba loan isolated than it now la from tha other IneaLUctual 
and constructive activities. In ay assessment, that * la an extremely 
important consideration. Aa educator a have baan realising more and mora 
■ acutely aa thay a truss la with tha problem, of education in tha • luma « 
paopla loam what thay liva. Zf school if not pgrt of llfa» it la not 
.part of learning* Xntoraotiva computing ean make achool part of Ufa. 
D ' 12. »tud«nta on b. ttulaa Wlehtr. . coqwutar-b«»ad eownunlt^ i 



"Th. but My to lun .swathing la to taaoh itiVV Iha cooputar aakaa It 
tiTpractlcaleoVapply that Baxta on a vlda acala. At Harvard, vhlla Harry 
i^ Lmla laaraad eonforaal napping In a na thaw* t lea eouraa, ha pregranaad 
•'■ I onunntir to aooapt hand-drawn diagram^ "In tha o capias plana" and to 
apply ' to ■ tha diagrams. tha transformations specified at tha consols. Aa 
fcjttha compute* calculated tha transform, tha old diagram fa dad from tha 
ffvimikKMiA fhe now one took its place. Zn tha process of programming 
endcxpsrimenting with tha system, Law la laamad conformal mapping as 
\* few had aver learned it bafora. Moreover, tha system ha craatad helps 
V others laern conformal mapping in a fascinating — even cKclt lag — way. 

V.Tha behavior of the diagrams on itha screen affords tha atudant a direct 
v par cap tua l understanding of the trass formations that supplamanta end 
i supports ,^c more aba tract* as pact of the concept associated with the 

•it sMttanatieal ayabola. Mow, in a proparly davalopad world of computar- 

; ‘ '' ' ' ’ ‘ r ‘ " - ‘ ' ' 
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facilitated education, every student will be able to program demonstrations 
and explanations of things he learns — and to learn by programming them. 
The art of computer-assisted explanation will be developed through 



creative experimentation.* As the explanations improve, the students 
who Interact with them will learn better and will enjoy learning more. 
Within the computer system, interactive demonstrations, instructions, 
laboratories, and tests will appear like .wild flowers in a field -- and 
all the conditions for rapid evolution on th® basis of attractiveness 
and effectiveness will be present. 

13. As 1 geographically separated nrnlti^ a ccess_ computers are. 



connected together to form networks, all the_J>n-line »coanmfti ltleB and 
their informational resources will merge in to_ one, and t he' educational 
facilities thus made available to each individual will be almost 
unlimited; This is too large a topic to try to develop here- In the 
long term, I think, the concept of the general-purpose interactive 
computer 'network will prove to be of the greatest and moat revolutionary 
significance to education. Informed people 1 are not in close agreement 
about the degrees of difficulty and complexity involved or about 
probable cos t .land reasonable time scale. . gobert Taylor and I set forth 
our thoughts on this topic in a recent issue of Sc 
to which I refer in lieu of further discussion here. 



*E. Berkeley, Computer-Assisted Explanation , May^, , Information 
Internationa ljlnc. (Publisher ” 
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Conclusion 



In the foregoing sections, I scarcely mentioned computer- ass is ted 
instruction (which is the most strongly advocated approach to computer- 
facilitated education) and computer- operated laboratories (which also have 
attracted widespread interest), aed I neglected entirely several other 
facets df 'the large and complex subject. As I indicated at an early point, 
I did not hope to do the subject full justice. In my judgment, however, 
the capabilities I did mention t.-aowe actual, some potential— are enough to 
justify a major concentration of effort? in the area in which the fields 
of education and computers overlap. 

Perhaps, now, I can state a major pdvt of the problem very simply: 



If you look at what is going on in research, development, and .attempts at 
operational application that are sponsored under such rubrics as computer- 
asslsted instruction and computer-aided teaching and learning, you see 
touch that is uninteresting,* and nothing that would lead you to get excited 



about a prospect of a great boon to society. . On the other &9nd, if you 
look at ;what : is going on in the field of interactive computing, and if you 



consider the' possibilities that obviously lie in the melding of computing 
and cornual cat ion, and if you then reflect upon the proi and needs of 

e ducat lon^ ei ther you see an exciting prospect and a demanding challenge-- 
or you look. with nonperceptive' eyes— or I am dreaming. 



I am sure I am not. dreaming. In The Establishment— with some ex- 
ceptions, but: in effect on the whole- -there is not the sense of urgency 
that there wthrfld be if Its members sensed what I am sensing. And, 
largely a* a result of that deficiency, the contributions of the 



o 
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government, the education profession, and the computer Industry are not 
what they should be. 

The broad question that I put before' you, then. Is simply this: 
How can society be reoriented and guided to sljgxe the golden opportunity 
that the computer now presents • — a golden opportunity in a field of 
present dire distress? ■ ‘ 



Yes, I can hear it now: "What of the cost?" "Computers are so 

expensive that it would destroy the economy to apply them in education 
on a major scale!" "The programming alone would cost billions!" 

But remember the powers of two* Computers are too expensive now, 
but they need not be too expensive ten years from now — and pert of my 
argument la that it will take ten years of research, development, and 
exploratory use In schools to get them ready for application on a major 
scale. How to ensure that computers do actually become inexpensive 
enough for widespread educational application^ may be an appropriate 
question* for this Conference* . 

As for .the programming: . True, it will, be a very great task* But : 
the programming task Itself will he small compared to the task of learn- 
ing vhat> ;o program, ef developing effective methods and techniques • In 
any event: (a), most of the task can be carried out , as sugges ted 

earlier^ as a part of an effective extension 9 f the educational process, 
and (b> a program, once perfected on one computer, can run In a 
thousand' others. Moreover, If the programming did cost a few billion 
*,dTlar that tcoat might be borne, over a period of years, by a budget 
that is cow more than $40 billion a year, and growing* 
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Man-Computer Symbiosis* 

J. C. R. LICKLIDERf 



SuTTtrrtmrji — Man -earn pc tar symbiosis Is an uptctid develop- 
ment la cooperative intaraction between man and electronic 
computer*. It will involve very dose coupling between the 
knmia and the electronic members of the partnership. The main 
alma are 1) to let computer* facilitate formula tire thinking a* 
they now facilitate the eolation of formulated problem*, and 2) 
to enable men and computers to cooperate in making decision* 
and controlling complex situations without inflexible dependence 
on predetermined programs. In the anticipated symbiotic part- 
nership, men will set the goals, formulate the hypotheses, deter- 
mine the criteria, and perform the evaluation*. Computing 
machines will do the rouUnixable work that must be done to 
prepare the way for Insights and decisions in technical and 
scientific thinking. Preliminary analyses indicate that the sym- 
biotic partnership will perform intellectual operations much 
more effectively than man alone can perform them. Prerequisites 
for the achievement of the effective, cooperative association 
Include developments in computer time sharing, in memory 
components, in memory organisation, in programming lan- 
guages, and in input and output equipment. 

I. Introduction 

A. Si/mbioau 

T HE fig tree is pollinated only by the insect Bkuto- 
phaga grotsorum. The larva of the insect lives in 
the ovary of the fig tree, and there it gets its 
food. The tree and the insect are thus heavily inter- 



mit be coupled together very tightly, and that the re- 
sulting partnership will think as no human brain has 
ever thought and process data in a way not approached 
by the information-handling machines we know today. 

B. Between " Mechanically Extended Man n and 
** Artificial Intelligence” 

As a concept, man-computer symbiosis is different in 
an important way from what North* has called “me- 
chanically extended man." In the man-machine systems 
of the past, the human operator supplied the initiative, 
the direction, the integration, and the criterion. The 
mechanical parts of the systems were mere extensions, 
first of the human arm, then of the human eye. These 
systems certainly did not consist of “dissimilar organ- 
isms living together . . There was only one kind of 
organism — man — and the rest was there only to help 
him. 

In one sense of course, any man-iAade system is in- 
tended to help man, to help a man or men outside the 
system. If we focus upon the human operator (a) within 
the system, however, we see that, in some areas of tech- 
nology, a fantastic change has taken place during the 
last few years. “Mechanical extension” has given way 



dependent: the tree cannot reproduce without the insect; 
.the insect cannot eat: without the tree; together, they 
oonsitute not only a viable but a productive and thriving 
partnership. This cooperative “living together in inti- 
mate association, or even close union, of two dissimilar 
organisms" is called symbiosis. 1 

“Man-computer symbiosis” is a subclass of man- 
machine systems.*^ There are many man-machine sys- 
tems.; At present, however, there are no man-computer 
symbioses. The purposes of this paper are to present 
the concept and, hopefully, to foster the development of 
man-computer symbiosis by analysing some problems 
of interaction between men and computing machines, 
calling attention to applicable principles of man -machine 
engineering, and pointing out a few questions to which 
research answers are needed. The hope is that, in not 
too many years, human brains and computing machines 

* Manuscript received by the PGHFE, January 13, 1900; re- 
vised manuscript . received. January 18, 1900. The background 
work on which this paper w baaed was supported largely by the 
Behavioral Sciences Division, Air Force Office of Scientific Re- 
search. Air Re sea r ch and Development Command, through Con- 
tract lio. AF-49(638)-8M. . 

tBolt Bermnek and Newman Ino, Cambridge, Mass. 

1 “Webster’s New International Dktionaryy’ind ed, G. and C. 
Merriam Co., Springfield, Mam, p.UU; 1968. 



to replacement of men, to automation, and the men who 
remain ore there more to. help than to be helped. In 
some instances, particularly in large computer-centered 
information and control systems, the human operators 
are responsible mainly for functions that it proved in- 
feasible to automate. Bucb systems (“humanly extended 
machines," North might call them) are not symbiotic 
systems. They are “semi-automatic” systems, systems 
that started out to be fully automatic but fell short of 
the goal. 

Man-computer symbiosis is probably not the ultimate 
paradigm for complex technological systems. It seems 
entirely possible that, in due course, electronic or chem- 
ical “machines” will outdo the human brain in most of 
the functions we now consider exclusively within its 
province. Even now, Gelemter’a IBM-704 program for 
proving theorems in plane geometry proceeds at about 
the same, pace as Brooklyn high school students, and 
makes similar errors.* There are, in fact, several theorem- 

•3. D. North, *Tbe rational behavior of mechanically extended 
man," Boulton Paul Aircraft btd., Wolverhampton, Eng.; Sep- 
tember, 1964. 

* H. Gelemter, "Realisation of a Geometry Theorem Proving 
Mtciinf | W Uneaco, N8. ICIP, 1 jQjQ, Intetmtl . Cocf , oo Inform*- 
Un*> PhvManr. Paris. France : June. 1969. 
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proving, problem -solving, chess-playing, and pattern- 
recognising programs (too many for complete refer- 
ence 418 ) capable of rivaling human intellectual perform- 
ance in restricted areas; and Newell, Simon, and Shaw's 1 * 
"general problem solver” may remove some of the re- 
strictions. In short, it seems worthwhile to avoid argu- 
ment with (other) enthusiasts for artificial intelligence 
by conceding dominance in the distant future of cere- 
bration to machines alone. There will nevertheless be 
a fairly long interim during which the main intellectual 
advances will be made by men and computers working 
together in intimate association. A. multidisciplinary 
Btudy group, examinin g future research and develop- 
ment problems of the Air Force, estimated that it would 
be 1980 before developments in artificial intelligence 
make it possible for machines alone to do much thinking 
or problem solving of military significance. That would 
leave, say, five years to develop man-computer symbiosis 
and 15 years to use it. The 15 may be 10 or 500, but those 
years should be intellectually the most creative and ex- 
citing in the history of mankind. 

II. Aims or Man- Com fitter Symbioojb 
Present-day computers are designed primarily to 
solve preformulated problems or to process da** accord- 
ing to predetermined procedures. The course of the com- 
putation may be conditional upon results obtained dur- 
ing the computation, but all the alternatives must be 
foreseen in advance. (If an unforeseen alternative arises. 



4 A. Newell and J. C. Shaw, “Progr amming the lope theory 

machine.” Proc. WJCC, jpp. 230-340; March, 1957. , 

• P. C. Gilmore, “A Profram for the Production of Proof" tor 
Theorem* Derira&lo Within the First Older dedicate Calculus 
froeTAadotM." Uneaco, NS, ICIP, 1AM. Interoatl. Coot, on 
Information Prooeaaing, PanAj'iUce^ June, 19S0. 




* Dec, vol. S. pp. 3-13: January, 1968L 

• O. O. Seundfe, "Pandemonium, a paradigm |pr *ea.*n«jfc 

Prttc. Symp. htecEmUotion of Thought Procauct, Natl. Phytxcal 
Lab., Taddinaton, Eng.; November. 1058- „ . 

* iV. W. Bledaoe and I. Browning, "Pattern Recognition and 

Reading by Machine,” presented at the Eastern Joint Computer 
Confl Boston, Maas, December, 1950. ■ , . . „ 

10 C. E, Shannon, "Programming a computer for playing cnees, 

Phil. Jtfew, vo!.41 1 pp.25£-78; March. 1960. ... 

11 A. Newell, ""tbe chess machine: an example of dealing wiUi 
a complex task by adaptation,” Proc. WJCC, pp. 101-106; March, 
1955. 



programs — 

voia.pp- 320-835; October. 1968. • 

Sherman, "A Quan-Topologieal Method for Reoognititm 
of line Pattern*," Unewoo, N8, IClP, HX5, Interest]. Conf, on 
information Processing. Pari*, France; June, i960. ' 

i*G. P. Dinneen, ^Programming pattern recognition , Proc. 
WJCC, pp, 94-lOTjMarclCT9B6- , . • ' _ 

i« A. Newell, H. A. Sim do, and J. C. Shaw. "Report on a gen- 
eral problem-solving program,” Unesoo, K3, ICIP, 1 A A Interoatl. 
Coni, on Information Prnceaoing, Paris, Franoe; Juns, 1869. 



the whole process comes to a halt and awaits the neces- 
sary extension of the program.) The requirement for 
preforraulation or predetermination is sometimes no 
great disadvantage. It is often said that progra mmin g 
for a computing machine forces one to think clearly, that 
it disciplines the thought process. If the user can think 
hia problem through in advance, symbiotic association 
with a computing machine is not necessary. 

However, many problems that can be thought through 
in advance are very difficult to think through in ad- 
vance. They would be easier to solve, and they could be 
solved faster, through an intuitively guided trial- and - 
error procedure in which the computer cooperated, turn- 
ing up flaws in the reasoning or revealing unexpected 
turns in the solution. Other problems simply cannot be 
formulated without computing-machine aid. Poincare 
anticipated the frustration of an important group of 
would-be computer users when he said, “The question 
is not, ‘What is the answer?’ The question is, 'What is 
the question?’ ** One of the main aims of man-computer 
symbiosis is to bring the computing machine effectively 
into the fonnulative parts of technical problems. 

The other main aim is closely related. It is to bring 
computing machines effectively into processes of think- 
ing that must go on in "real time,” time that moves too 
fast to permit using computers in conventional ways. 
Imagine trying, for example, to direct a battle with the 
aid of a computer on such a schedule as this. You 
formulate your problem today. Tomorrow you spend 
with a programmer. Next week the computer devotes 5 
minutes to assembling your program and 47 seconds to 
calculating tlje answer to your problem. You get & sheet 
of paper 20 feet long, lull of numbers that, instead of 
providing a final solution, only suggest a tactic that 
should be explored by simulation. Obviously, the battle 
would be over before the second step in its planning was 
begun. To think in interaction with a computer in the 
same way that you think with a colleague whose com- 
petence supplements your own will require much tighter 
coupling between roan and machine than is suggested by 
the example and than is possible today. 

III. Need for Computer Participation in Fo emulative 
and Bxal-Tjm* Thinking 

The preceding paragraphs tacitly made the assump- 
tion that, if they could be introduced effectively into the 
thought process, the functions that can be performed by 
data-precessing machines would improve or facilitate 
thinking and problem solving in an important way. That 

assumption may require justification. 

A. A Preliminary and Informal Titne-and- Motion 
Analysis of Technical Thinking 

Despite the fact that there is a voluminous literature 
on thin kin g and problem solving, including intensive 
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case-history studies of the process of invention, I could 
find nothing comparable to a time-and-motion-etudy 
analysis of the mental work of a person engaged in a 
scientific or technical enterprise. In the spring and sum- 
mer of 1057, therefore, I tried to keep track of what 
one moderately technical person actually did during the 
boors he regarded as devoted to work. Although I was 
aware of the inadequacy of the sampling, I served as 
my own suhject. 

It soon became apparent that the main thing I did 
was to keep records, and the project would have become 
an infinite regress if the keeping of records had been 
carried through in the detail envisaged in the initial 
plan. It was not. Nevertheless, I obtained a picture of 
my activities that gave roe pause. Perhaps my spectrum 
ia not typical — I hope it is not, but I fear it is. 

About 85 per cent of my “thinking” time *aa spent 
getting into a position to think, to make a decision, to 
learn something I needed to know. Much more time went 
into finding or obtaining information than into digesting 
it. Hours went into the plotting of graphs, and other 
hours into instructing an assistant how to plot. When 
the graphs were finished, the relations were obvious at 
once, but the plotting had to be done in order to make 
them so. At one point, it was necessary to compare six 
experimental determinations of a function relating 
speech -intelligibility to speech -to- noise ratio. No two 
experimenters had used the same definition or measure 
of speech-to- noise ratio. Several hours of calculating 
were required to get the data into comparable fopm. 
When they were in comparable form, it took only a few 
seconds to determine what I needed to know. 

Throughout the period I examined, in ahort, my 
“thinking” time was devoted mainly to activities that 
were essentially clerical or mechanical : searching, cal- 
culating, plotting, transforming, determining the logical 
or dynamic consequences of a set of assumptions or hy- 
potheses, preparing the. way for a decision or an insight. 
Moreover, my choices o? what to attempt and what not 
to attempt were determined to an' embarrassingly great 
extent by considerations of clerical feasibility, not in- 
tellectual capability *. 

The main suggestion conveyed by the findings just 
described is that the operations that fill most of the 
time allegedly devoted to technical thinking are opera- 
tions that can be performed more effectively by ma- 
chines than by men, Severe problems are posed by the 
fact that these operations have to be performed upon 
diverse variables and in unforeseen and continually 
changing sequences. If those problems can be solved in 
such a way as to create a symbiotic relation between a 
man and a fast infonnation-vctri^ r ri and data-process- 
ing machine, however, it sterna evident that the coopera- 
tive interaction would greatly improve the thinking 
process. 



B. Comparative Capabilities of Men aid Computers 

It may be appropriate to acknowledge, at this point, 
that we are using the term “computer” to cover a wide 
class of calculating, data-processing, and information- 
storage-and -retrieval machines. The capabilities of ma- 
chines in this class are increasing almost daily. It is 
therefore hazardous to make general statements about 
capabilities of the class. Perhaps it is equally hazardous 
to make general statements about the capabilities of 
men. Nevertheless, certain genotypic differences in cap- 
ability between men and computers do stand out, and 
they have a bearing on the nature of possible man- 
computer symbiosis and the potential value of achieving 
it. 

As has been said in various ways, men are noisy, nar- 
row-band devices, but their nervous systems have very 
many parallel and simultaneously active channels. Rela- 
tive to men, computing machines are very fast and very 
accurate, hut they are constrained to perform only oae 
or a few elementary operations at a time. Men are flexi- 
ble, capable of “programming themselves contingently” 
on the basis of newly received information. Computing 
machines are single-minded, constrained by their “pre- 
programming.” Men naturally speak redundant lan- 
guages organised around unitary objects and coherent 
actions and employing 20 to 60 elementary symbols. 
Computers “naturally” speak nonredundant languages, 
usually with only two elementary symbols and no inher- 
ent appreciation either of unitary objects or of coherent 
actions. 

To be rigorously correct, those characterizations would 
have to include many qualifiers. Nevertheless, the pic- 
ture of dissimilarity (and therefore potential supplemen- 
tation) that they present is essentially valid. Computing 
machines can. do readily, well, and rapidly many things 
that are difficult or impossible for man, and men can do 
readily and well, though not rapidly, many things that 
are difficult or impossible for computers. That suggerts 
that a symbiotic cooperation, if successful in integrating 
the positive characteristics of men and computers, would 
be of great value. The differences in speed and in lan- 
guage, of course, pose difficulties that must be overcome. 

IV. Bxr arable Functions or Men and Computers 
in the Anticipated, Symbiotic Association 

It seems likely that the contributions of human op- 
erators and equipment will blend together so completely 
in many operations that it will be difficult to separate 
them neatly in analysis. That would be the case if, in 
gathering data on which to base a decision, for example, 
both the man and the computer came up with relevant 
precedents from experience tad if the computer then 
suggested a course of action that agreed with the man’s 
intuitive judgment (In theorem-proving programs, com- 
puters find precedents in experience, and in the SAGE 
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System, they suggest courses of action. The foregoing is 
not a far-fetched example.) In other operations, however, 
the contributions of men and equipment will be to some 
extent separable. 

Men will set the goals and supply tbe motivations, of 
course, at least in the early years. They vMl formulate 
hypotheses. They will ask questions. They will think of 
mechanisms, procedures, and models. They will remem- 
ber that such-and-such a person did some possibly rele- 
vant work on a topic of interest back in 1947, or at any 
rate shortly after World War II, and they will have an 
idea in what journals it might have been published. In 
general, they will make approximate and fallible, but 
leading, contributions, and they will define criteria and 
serve as evaluators, judging the contributions of the 
equipment and guiding the general line of thought. 

In addition, men will handle the very-low-probability 
situations when such situations do actually arise. (In 
current man-machine systems, that is one of tbe hunwn 
operator’s most important functions. The sum of the 
probabilities of very-low-probability alternatives is often 
muoh too large to neglect.) Men will fill in the gape, ei- 
ther in the problem solution or in the computer program, 
when the computer has no mode or routine that is ap- 
plicable in a particular circumstance. 

The infonnalion-proce«sing equipment, for its part, 
will cos >ert hypotheses into testable models and then 
th*s models against data (which the human operator 
may designate roughly and identify as relevant when 
the computer presents them for his approval). Th& 
equipment will answer questions. It will simulate tie 
mechanisms and models, carry out the procedures, and 
display the results, to the operator. It will transform 
data, plot graphs , ("outting the cake" in whatever way 
the human operator specifies, or in several alternative 
ways if the h uman operator is not sure what he wants). 
The .equipment will interpolate, extrapolate, and trans- 
form. It will convert atatio . equations or logical state- 
ments into dynamic models so the human operator can 
examine their behavior. In general, it will carry out the 
routinisable, clerical operations that fill the intervals 
between decisions. - - -i.f v v-;. 

In addition, the computer will serve as. a ’statistical- 
inference, decision-theory, or game-theory maohine to 
make elementary evaluations of suggested courses of ac- 
tion whenever there is. enough basis to support a formal 
statistical analysis. Finally, it will do as much diagnosis, 
pattern matching, and relevance recognising as it profit- 
ably can, but it will accept a clearly secondary status in 
those areas. 

V. PBEBEQOiflrres roa Hkajlisation of 
Man-Computkb Symbiosis 

The data -processing equipment tacitly postulated in 
the preceding section is not available. The computer pro- 



grams have not been written. There are in fact several 
hurdles that Btand between the nonsymbiotic present and 
the anticipated symbiotic future. Let us examine some 
of them to see more clearly what ie needed and what tbe 
chances are of achieving it. 

A. Speed Mismatch Between Men and Computers 
Any present-day large-scale computer is too fast and 
too costly for real-time cooperative thinking with one 
man. Clearly, for the sake of efficiency and economy, 
the computer muBt divide its time among many users. 
Time-sharing systems are currently under active devel- 
opment. There are even arrangements to keep users from 
"clobbering” anything but their own personal programs. 

It seems reasonable to envision, for a time 10 or 15 
years bence, a “thinking center” that will incorporate tbe 
functions of present-day libraries together with antici- 
pated advancee in information storage and retrieval and 
the symbiotic functions suggested earlier- in this paper. 
The picture readily enlarges itself into a network of sucb 
centers, connected to one another by wide-band com- 
munication lines and to individual usera by leased -wire 
services. In such a system, the v speed of tbe computers 
would be balanced, and tbe cost of the gigantio memories 
and the sophisticated programs would be divided by tbe 
number of users. 

B. Memory Hardware Requirements 

When we start to think of storing any appreciable 
fraction of a technical literature in computer memory, 
we run into billions of bits and, unless things change 
markedly, billions of dollars. 

Tbe first thing to face" is that we shall not store all the 
technical and scientific papers in computer memory. We 
may store the parts that can be summatued moet suc- 
cinctly — the quantitative parts and the reference cita- 
tions — but cot the whole; Books are among the moet 
beautifully engineered, and human -engineered, com- 
ponents in existence, and they will continue to be func- 
tionally important within the context of man-computer 
symbiosis. (Hopefully, the computer will expedite the 
finding, delivering, and returning of books.) 

The second point ie that a very important section of 
memory will be permanent: part indelible memory and 
part published memory. The computer will be able to 
write once into indelible memory, and tben read back 
indefinitely,' but the computer will not be able to erase 
indelible memory. (It may also over-write, turning all 
thoO’s into l*s,' as though marking over wbat was written 
earlier.) Published memory will be "read-only" memory. 
■It will be introduced into the computer already struc- 
tured. The computer will be able to refer to it repeatedly, 
but not to change it. These ; types of memory will be- 
come more and more important as computers grow larger. 
They cat be made more compact than core, thin -film, or 
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even tape memory, and they will be much less expen- 
sive- Tbe main engineering problems will concern selec- 
tion circuitry. 

In so far as other aspects of memory requirement are 
concerned, we may count upon the continuing develop- 
ment of ordinary scientific and business computing ma- 
chines. There is some prospect that memory elements 
will become as fast as processing (logic) elements. That 
development would have a revolutionary effect upon the 
design of computers. 

C. Memory Organization Requirements 

Implicit in tbe idea of man -computer symbiosis are 
the requirements that information be retrievable both 
by name and by pattern and that it be accessible through 
procedure much faster than serial search. At least half 
of the problem of memory organisation appears to reside 
in tbe storage procedure. Most of tbe remainder seems 
to be wrapped up in the prohlem of pattern recognition 
within tbe storage mechanism or medium. Detailed dis- 
cussion of these problems is beyond the present scope. 
However, a brief outline of one promising idea, "trie 
memory," may serve to indicate the general nature of 
anticipated developments. 

Trie memory is so called by its originator, Fredkin,* 7 
because it is designed to facilitate retrieval of informa- 
tion and because the branching storage structure, when 
developed, resembles a tree. Most common memory sys- 
tems store functions of arguments at locations designated 
by the arguments. (In one sense, they do not store tbe 
arguments at alt In another and more realistic sense, 
they store all the possible arguments in the framework 
structure of tbe memory.) The trie memory system, on 
the other, band, stores both tbe functions and tbe argu- 
ments. The argument is introduced into the memory first, 
one character at a time, starting at a standard initial 
register. Each argument register has one cell for each 
character of the ensemble (e.g ., two for information en- 
coded in binary form) and each character cell has within 
it storage spac* for the address of the next register. The 
argument is stora t'.‘ iy writing a series of addresses, each 
one of which tells where to find the next. At the end of 
the argument ; is a special "end-of-argument” marker. 
Then, follow directions to tbe function, which is stored 
in one or another of several ways, either further trie 
structure or “list structure" often being moet effective. 

Tbe trie memory sobeme ia inefficient for small mem- 
ories, but it becomes increasingly efficient in using avail- 
able storage spans as memory ei*e increases. The attrac- 
tive features of the scheme are these: 1) The retrieval 
process is extremely simple. Given the argument, enter 
the standard initial register with the first character, and 
pick up tho address of f he second. Then go to the second 
register, and pick up the address of the third, etc. 2) If 

** E. FrBdkin,*“Trie memory.” in preparation. 



two arguments have initial characters in common, they 
use tbe same storage space for those characters. 3) Tbe 
lengths of the arguments need not be the Bame, and need 
not be specified in advance. 4) No room in storage is 
reserved for or used by any argument until it is actually 
stored. The trie structure is created as the items are in- 
troduced into tbe memory. 5) A function can be used as 
an argument for another function, and that function as 
an argument f<>r tbe next. Thus, for example, by enter- 
ing with tbe argument, “matrix multiplication,” one 
might retrieve the entire program for performing a ma- 
trix multiplication on the computer. 6) By examining 
the storage at a given level, one can determine what thus- 
far similar items have been stored. For example, if there 
ia no citation for Egan, J. P., it is but a step or two back- 
ward to pick up the trail of Egan, James. . . . 

The properties just described do not include all the 
desired ones, but they bring computer storage into res- 
onance with human operators and their predilection to 
designate things by naming or pointing. 

D. The Language Problem 

The basic dissimiliarity between human languages and 
computer languages may be the most serious obstacle to 
true symbiosis. It is reassuring, however, to note what 
great strides have already been made, through interpre- 
tive programs and particularly through assembly or com- 
piling programs such as FORTRAN, to adapt computers 
to human language forms. The “Information Processing 
Language” of Shaw, Newell, Simon, and Ellis 18 represents 
another line of rapprochement. And, in ALGOL and re- 
lated systems, men are proving their Csxibility by adopt- 
ing standard formulas of representation and expression 
that are readily translatable into machine language. 

For the purposes of real-time cooperation between 
men and computers, it will be necessary, however, to 
make use of an additional and rather different principle 
of communication and control. The idea may be high- 
lighted by comparing instructions ordinarily addressed 
to intelligent human beings with instructions ordinarily 
used with computers. The latter specify precisely the in- 
dividual steps to take and the sequence in which to take 
them. The former present or imply something about in- 
centive or motivation, and they supply a criterion by 
which the human executor of the instructions will know 
when he has accomplished his task. In short: instruc- 
tions directed to computers specify courses; instruc- 
tions directed to human brings specify goals. 

Men appear to think more naturally and easily in 
terms of goals than in terms of courses. True, they usu- 
ally know something about directions in which to travel 
or lines along which to work, but few start out with pre- 
cisely formulated itineraries. Who, for example, would 



<• J, C. Shaw, A. Newell, H, A. Simon, and T. O. EULb, “A 
command structure for complex information processing," /’rotf. 
WJCC, pp. 119-128; May, 1958. 
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deport from Boston for Los Angeles with a detailed 
specification of the route? Instead, to paraphrase Wiener, 
men bound for Los Angeles try continually to decrease 
the amount by which they are not yet in the ctnog. 

Computer instruction through specification of goalB is 
being approached along two paths. The first involves 
problem-solving, bill-climbing, self-organizing programs. 
The second involves real-time concatenation of prepro- 
grammed segments and closed subroutines which the hu- 
man operator can designate and call into action simply 
by name. 

Along the first of these paths, there has been promis- 
ing exploratory work. It is clear that, working within the 
loose constraints of predetermined strategies, computers 
will in due course be able to devise and simplify their 
own procedures for achieving stated goals. Thus far, the 
achievements have not been substantively important; 
they have constituted only "demonstration in principle*” 
Nevertheless, the implicatio-io are far-reaching. 

Although the second path is simpler and apparently 
capable of earlier realization, it has been relatively neg- 
lected. Fredkin’s trie memory provides a promising para- 
digm, We may in due course see a Berious effort to de- 
velop computer programs that can be connected together 
like the words and phrases of speech to do whatever 
computation or control is required at the moment. The 
consideration that bolds back such an effort, apparently, 
is that the effort would produce nothing that would be of 
great value in the context of existing computers. It would 
be unrewarding to develop the language before there are 
any computing machines capable of responding mean- 
ingfully to it. 

E. Input and Output Equipment 

The department of data processing that seems least ad- 
vanced, in so far as the requirements of man-computer 
symbiosis are concerned, is the one that deals with input 
and output equipment or, as it is seen from the human 
operator’s point of view, displays and controls. Immedi- 
ately after^ saying that, it is essential to make qualifying 
comments, because the engineering of equipment for high- 
speed introduction and extraction of information has been 
excellent, and because some very sophisticated display 
and control techniques have been developed in sucb re- 
search laboratories as the Lincoln Laboratory. By and 
large, in generally available computers, however, there 
la almost no provision for any more effective, immediate 
man-machine co mmuni cation than can be achieved with 
an electric typewriter. 

Displays seem to be in a somewhat better state than 
eon trols. Many computers plot graphs on oscilloscope 
screens, and a few take advantage of the remarkable 
capabilities, graphical and symbolic, of the charactron 
display tube. Nowhere, to my knowledge, however, is 
there anything approaching the flexibility anti conven- 
ience of the pencil and doodle pad or the chalk and 
blackboard used by men in technical discussion. 



1) Desk-Surface Display and Control: Certainly, for 
effective man-computer interaction, it will be necessary 
for the man and the computer to draw graphs and pic- 
tures and to write notes and equations to each other on 
the same display surface. The man should be able to 
present a function to the computer, in a rough but rapid 
fashion, by drawing a graph. The computer should read 
the man’s writing, perhapB on the condition that it be in 
clear block capitals, and it should immediately post, at 
the location of each hand-drawn symbol, the correspond- 
ing character as interpreted and put into precise type- 
face. With such an input-output device, the operator 
would quickly learn to write or print in a manner legible 
to the machine. He could compose instructions and sub- 
routines, set them into proper format, and check them 
over before introducing them finally into the computer’s 
main memory. He could even define new symbols, as 
Gilmore and Saveli 1 ® have done at the Lincoln Labora- 
tory, and present them directly to the computer. He 
could sketch out the format of a table roughly and let 
the computer shape it up with precision. He could correct 
the computer’s data, instruct the machine via flow dia- 
grams, and in general interact with it very much os be 
would with another engineer, except that the "other en- 
gineer” would be a precise draftsman, a lightning caleu- ' 
l&tor, a mnemonic wizard, and many other valuable part- 
ners all in one. 

2) Computer-Posted Wall Display : In some techno- 
logical systems, several men share responsibility for con- 
trolling vehicles whose behaviors interact. Borne informa- 
tion must be presented simultaneously to all the men, 

' preferably on a common grid, to coordinate their actions. 
Other information is of relevance only to one or two op- 
erators. There would be only a confusion of uninterpret- 
able clutter if all the information were presented on one 
display w all of them. The information must be posted 
by a computer, since manual plotting is too slow to keep 
it up to date. 

The problem just outlined is even now a critical one, 
an d it seems certain to become more and more critical 
as time goes byJ Several designers are convinced that 
displays with the desired characteristics can be con- 
structed with the aid of flashing lighte and time-sharing 
viewing screens based on the light-valve principle. 

The larg^ display should be supplemented, according to 
most of tbo‘x 5 wbo have thought about the problem, by 
individual display-control unite. The latter would permit 
the operators to modify the wall display without leaving 
their locations. For some purposes, it would be desirable 
for the operators to be able tc communicate with the 
computer through the supplementary displays and per- 
haps even through the wall display. At least one scheme 
for providing sucb communication seems feasible. 

*• J. T. Gilmore and B. E. Saveli, “Tbe Iinwln Writer/* Ua- 
eoia Laboratory, MIT. L exin gton, Mw, Kept, fll-8; October, 
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The large wall display and its associated system are 
relevant, of course, to symbiotic cooperation between a 
computer and a team of men. Laboratory experiments 
have Indicated repeatedly that informal, parallel ar- 
rangements of operators, coordinating their activities 
through reference to a la-ge situation display, have im- 
portant advantages over the arrangement, more widely 
usid, that locates the operators at individual consoles 
and attempts to correlate their actions through the agency 
of a computer. This is one of several operator-team prob- 
lems in need of careful study. 

3) Automatic Speech Production and Recognition: 
How desirable and bow feasihle is speech communication 
between hunjivn operators and computing machines? That 
compound question is asked whenever sophisticated data- 
processing systems are discussed. Engineers who work 
and live with computers take a conservative attitude to- 
ward the desirability. Engineers who have had experi- 
ence in the field of automatic speech recognition take a 
conservative attitude toward the feasibility. Yet there is 
continuing interest in the idea of talking with computing 
machines. In large part, the interest stems from realisa- 
tion that one can hardly take a military commander or a 
corporation president away from his work to teach him 
to type. If computing machines are ever to be used di- 
rectly by top-level decision makers, it may be worth- 
while to provide communication via the moat natural 
means, erven at considerable cost. 

Preliminary analysis of his problems and time scales 
suggests that a corporation president would be interested 
in a symbiotic association with a computer only as an 
avocation. Business situations usually move slowly 
enough that there is time for briefings and conferences. 
It seems reasonable, therefore, for computer specialists 
to be the ones who interact directly with computers in 
business offices. 

The military commander, on the other, hand, faces a 
greater probability of having to make critical decisions 
in short intervals of time. It is easy to overdramatiEe the 
notion of the ten-minute war, but it would be dangerous 
to count on having more than ten minutes in which to 
make a critica. 1 . decision. As miliary system. ground en- 
vironments and control centers grow in capability* and 
complexity, therefore, a real requirement for automatic 
speech production and recognition in computers seems 
likely to develop. Certainly, if the equipment were al- 
ready developed, reliable, and available, it would be used. 

In bo far os feasibility is concerned, speech . produc- 
tion poees less severe problems of a technical nature than 
does automatic recognition of speech sounds. A commer- 
cial electronic digital voltmeter now reads aloud its indi- 
cations, digit, by digit. .For eight or ten years, at the Bell 
Telephone Laboratories, the Royal Institute of Technol- 
ogy (Stockholm), the Signals Research and Development 
Establishment (Christchurch) , the Haskins Laboratory, 



and the Massachusetts Institute of Technology, Dunn,* 0 
Fant,* 1 Lawrence,** Cooper,** Stevens,* 4 and their co- 
workers, have demonstrated successive generations of in- 
telligible automatic talkers. Recent work at the HaakinB 
Laboratory has led to the development of a digital code, 
suitable for xibc by computing machines, that makes an 
automatic voice utter intelligible connected discourse.** 

The feasibility of automatic speech recognition de- 
pends heavily upon the size of the vocabulary of words 
to be recognised and upon the diversity of talkers and 
accents with which it must work. Ninety-eight per cent 
correct recognition of naturally spoken decimal digits 
was demonstrated several years ago at the Bell Tele- 
phone Laboratories and at the Lincoln Laboratory .**- ** 
To go a step up the scale of vocabulary Bice, we may say 
that an automatic recogniser of clearly Bpoken alpha- 
numerical characters can almost surely be developed now 
on the basis of existing knowledge. Since untrained op- 
erators can read at least as rapidly as trained ones can 
type, such a device would be a convenient tool in al- 
most any computer installation. 

For real-time interaction on a truly symbiotic level, 
however, a vocabulary of about 2000 words, c.g., 1000 
words of something like basic English and 1000 technical 
terms, would ‘probably be required. That constitutes a 
challenging problem. In the consensu af acousticians 
and linguists, construction of a recogni*er of 2000 words 
cannot be accomplished now. However, there are several 
organisations that would happily undertake to develop 
and automatic recogfdier for such a vocabulary on a five- 
year basis. They would stipulate that the speech be clear 
speech, dictation style, without unusual accent. 

Although detailed discussion of techniques of auto- 
matic Bpeech recognition is beyond the present scope, it 
is fitting to note that computing machines are playing 
a dominant role in the development of automatic speech 
recognizers. They have contributed the impetus that 
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Recounts for the present ^tunism, or rather for the opti- 
mism presently found iu tome quarters. Two or three 
years ago, it appeared that automatic recognition of site- 
able vocabularies would not be achieved for ten or fifteen 
years; that it would have to await much further, gradual 
accumulation of knowledge of acoustic, phonetic, linguis- 
tic, and psychological processes in speech communica- 
tion. Now, however, many see a prospect of accelerating 
the acquisition of that knowledge with the aid of com- 



puter processing of speech signals, and not a few work- 
ers have the feeling that sophisticated computer pro- 
grams will be able to perform well as (speech -pattern 
recognisers even without the aid of much substantive 
knowledge of speech signals and processes. Putting those 
two considerations together brings tbe estimate of the 
time required to achieve practically significant speech 
recognition down to perhaps five years, the five years 
jtist mentioned. 
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[Reprinted from AMERICAN PSYCHOLOGIST, Vol. 21, No. 11, November, 1966] 

A CRUX IN SCIENTIFIC AND TECHNICAL COMMUNICATION 

J. C. R. LICKLEDER 



O NLY in high hyperbole does a thing “ex- 
plode” that takes 10 or 15 years to double 
its volume. Yet most estimates place the 
doubling time of the size cf the printed record of 
science and technology within that range, and most 
papers on scientific and technical information begin 
by pointing in the general direction of the library 
and shouting “information explosion.” 

The best response to r oming of explosion is 
usually either to duck oi v run, depending upon 
one’s distance from the center of the scene. In 
this case, however, I think there is time to ex- ■ 
amine the problem and to look about for a more 
constructive solution. 

The Inundation 

What is happening in scientific and technical com- 
munication is more closely analogous to a flood 
than to an explosion. The water has been rising 
slowly — at a progressively increasing rate, but 
slowly, for a long time, and now it Is overflowing 
the banks in several areas. Although the rise has 
been gradual, the overflow is sudden and dramatic. 
It is causing damage and alarm, but note that it 
involves only the water that rises above the banks — - 
the excess beyond their capacity to contain- — 
and not the entire volume of the water in the river. 
If the entire volume were to undergo so great and 
abrupt a relative increase, it would be an explosion 
indeed, and there would be no hope — but fortu- 
nately it is only the rate of getting out of hand, 
not the rate of overall growth, that is so high 
that it attracts everyone’s attention. 

Although science and technology are concerned, 
respectively, with augmentation and application 
of knowledge, it is not knowledge but information 
that is the commodity they store, retrieve, and com- 
municate. Through subtle cognitive processing, 
some information is distilled and organized into 
knowledge. The quality of the information appears 
to be at least as important as the quantity in 
determining the value of the product. In any event. 




it Is a flood of information and not a flood of 
knowledge that Is causing the trouble with which 
we must cope. 

The body of recorded scientific and technical 
information now has a volume of about 10 trillion 
alphanumeric characters (i.e., letters, numerals, and 
punctuation marks) and is increasing along (what 
for lack of precise data is usually assumed to be) 
an exponential curve characterized by a doubling 
time in the range 10-15 years as mentioned 
(Licklider, 1965; Senders, 1963). 

To simplify back-of-the-env elope calculations, 
let us take the figures, 10 ia characters and (say) 
12 years, at face value; let us assume that one one- 
thousandth of all science and technology constitutes 
a field of specialization; and let us consider the 
plight of a scientist who reads 3,000 characters a 
minute, which is a rate more appropriate for 
novels than for journal articles. Suppose that he 
gathers together the literature his field of special- 
ization (10 l ° characters) and begins now to read it. 
He read* 13 hours a day, 365 days a year. At the 
end of the 12 years, he sets down the last volume 
with a great sigh of relief — only to discover that 
in the interim another 10 10 characters were pub- 
lished in his field. He is deterred from undertaking 
12 more years of reading by the realization that 
not only the volume but the rate of publication has 
doubled. 

Sixty years ago, according to our simplifying 
(but for this purpose not oversimplifying) as- 
sumptions, tbs 3 ,000 -charac t er-per-minu t e reader 
needed only 25 minutes a day to keep up with 
everything in his held. Eleven years hence, he will 
have to read continuously, every hour of everv day. 
Of course most of us do not read so fast and so 
persistently. Of course most of us make do with 
less than total scrutiny oi less than one one- 
thousandth of the corpus. Give or take a small 
factor in speed; give or take a small factor in size. 
The essential point is that an exponentially in- 
r .using requirement is passing a constant capa- 
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' bilily. It is our unique experience to live and work 

j through the period in which individual mastery of 

\ a field turns from possible to impossible — in which 

I the depth of the water exceeds the height of the 

[ banks. 

i As individual mastery becomes impossible, we 

turn (without being sharply aware of our chang - 
' mg strategy) to a group approach, to individual 
specialization plus organization across or over in- 
dividuals. But it is still essential to bring to- 
gether in an individual mind the ideas relevant to 
a given problem. Many of the difficulties of scien- 
tific and technical communication, and much of the 
proliferation of scientific and technical literature, 
stem from that requirement. In the days of in- 
dividual mastery, a man attacked a problem by 
drawing pertinent ideas from his memory’s store, 
built up over the years — and his memory per- 
formed well for him even though no one understood 
its processes of storage, organization, and retrieval. 
In the group approach, however, those processes 
have to be externalized, and to be made to work 
effectively they have to be understood. Pertinent 
I ideas have to be selected either from diverse human 

memories or from one or more, nonneural stores, 
and they have to be communicated to the individual 
or individuals in whose mind(s) they may interact 
to yield solution (s) . 

During the present decade, the needed external 
arrangements for storage, organization, and retrieval 
of information are becoming the objects of wide- 
spread concern. Just as a flood of water hits first 
one area, then another, then another — not all simul- 
taneous/ but all within a brief span of time— so is 
the flood of information hitting the various ureas 
of science and technology. Some are still high and 
dry. Some are just now feeling the effects. In a 
few areas, inundated early, extensive arrangements 
for extemalization of the selection, retrieval, and 
dissemination functions have already been made. 
To the old array of published abstracts and. indexes, 
arid to the traditional library services, new schemes 
and systems have brren and are being added: pub- 
lished lists of titles (as given or permuted), cita- 
tion indexes, referral services, clearinghouses and 
exchanges, information evaluation centers, auto- 
1 mated searching systems, selective dissemination 

systems, and so on. 

In this movement, most of the kinds of organiza- 
tion concerned with science and technology are in- 



volved: universities (e.g., MXT., with its Projects 
MAC and INTREX 1 ), professional societies (e.g., 
thcr American Chemical o^ciety, of which Chemical 
Abstracts Service, with its manifold of information 
services, is a part), nonprofit documentation services 
(e.g., Biosdences Information Service), privately 
owned documentation services (e.g., Institute for 
Scientific Information), publishing firms (McGraw- 
Hill Book Company), nonprofit research organiza- 
tions (e.g., Battelle Memorial Institute, with its 
eight specialized technical information evaluation 
centers), business firms (Dupont, witii its advanced 
technical information system), quaisi-govemmenlaf 
bodies (e.g., the National Academy of Sciences), 
governments (e.g.,- the Government of the United 
States — vide infrd), and international organizations 
(e.g., the United Nations). 

The professional societies are indeed very active: 
the APA in its pioneering studies of Lie process of 
scientific communication (APA, 1965; Garvey & 
Griffith, 1964); the American Institute of Physics 
in analyzing the needs of physicists and planning a 



balanced array of services to meet them (Williams, \ 

Hutchlsson, & Wolfe, 1966); the Engineers Joint \ 

Council, Engineering Index, and Engineering So- | 

cieties Library in their joint effort toward a national < 

system for engineering information (Cottrell, 1966; 

Speight, 1966); the American Society for Metals j 

in operating a mechanized searching service for its j 

members (Cottrell & Flanagan, 1965). The Govern- \ 

ment has recognized .'esponsibility for fostering the ; 

use of the knowledge gained through Government- $ 

sponsored research and development and is engaged .j 



in a major effort to improve the availability and use j 

of scientific and te chnical information (Knox, 

196$a). This effort is guided by the President’s > 

Special Assis tant for Science and Technology and | 

the three organizations he heads: the Office of | 

Science and Technology, the President’s Scientific | 

Advisory Committee, and the Federal Council for j 

Science and Technology. The effort involves such j 

operating agencies and services as the three national ^ 

libraries, the National Referral Center for Science 
and Technology (which will tell you who knows j 

about a given subject), the Science Information j 

Exchange (which will tell you who is working on j 

it under Government support), the Clearinghouse 3 

1 MAO -Multiple -Access Competing, Machine-Aided Cog- ■ 

nitlon; INTREX— Information Transfer Ex'^viments. j 





\ 



